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Abstract 

We have developed variety of LCD technologies for 

the out-door display, which improve out-door 

readability as well as reliability from external impacts. 

This improvement was made possible by new 

approach on LCD cell optical design and modification 

of LCD surface, which allows surrounding light to be 

transmitted to enhance the visibility and at the same 

time filtering out light, which are considered to be 

source of noise in terms of visibility. This technology 

enables users to maintain high display performance in 

both in-door & out-door environments moreover 

alternatively choosing in-door/out-door.   

 

1. Introduction 

 

While LCD is broadening its application fields for 

example, Mobile, Netbook, laptop, Monitor, TV and 

Public Display etc., most of its application was limited 

to the indoor use only. With an increase in need for the 

outdoor application in LCD market, the development 

in technology of outdoor readability is substantially 

demanded. As the first step to the development of 

LCD performance in outdoor, we should understand 

the application of the technology is variant from field 

to field. For an instance, Mobile area would require 

outdoor technology with low-power consumption. In 

grand size LCD area like Public Display, outdoor 

technology considering reliability as well is expected 

to be suitable. In this paper, we would like to propose 

several technologies appropriate for the outdoor LCD 

development.   

 

2. Outdoor Readability Development 
 

Outdoor readability is defined as the degree of 

excellence in picture quality of display determined in 

ophthalmic terms. In the outdoor readability 

perspective, LCD technology can be explained within 

the area of both contrast ratio and color gamut. 

 

 
 

Fig 1. Transmissive/trans-flective/Reflective LCD 

Images in different environments.  

 

Fig1. shows Transmissive / trans-flective / 

Reflective LCD images in different environments. As 

we can see transmissive mode has outstanding 

readability and picture quality in indoor but below par 
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in outdoor. On the contrary, reflective mode appears 

better in outdoor but poorer readability and picture 

quality. Accordingly, there are mainly three 

technologies that have close correlation with outdoor 

readability development which include reflection 

reduction surface treatment, high luminance panel and 

transmissive panel.[Fig 2.] 

 
 

Fig 2. Panel technology directly related to outdoor 

readability development. 

 

3. Results and discussion 

 

3.1 Surface reflection reduction technology 

 

Fig 3. shows the CR under the various ambient light 

conditions, indoor and semi-outdoor. The CR 

decreases in all conditions with increase in brightness 

of the ambient light. This is because the surface 

reflection affects to reduce the blackness. The Anti- 

coated surface comprises of diffused, spreading and 

specular particles which cause high surface reflection. 

The ARC is significantly effective in reducing the 

surface reflection of the panel in bright ambient 

conditions. 

 Fig 4. is display samples of AG and ARC at 

1500lx. 

 

 
 

Fig 3. Outdoor CR in AG and ARC surface 

 
 

Fig  4. Display samples of AG and ARC at 1500 lx    

 

3-2. High luminance panel 

 

 In order to enhance the outdoor readability 

performance, high luminance panel technology is 

required but in reliability and cost perspective, 

appropriate luminance is crucial and we worked 

tremendously on finding such appropriate value. [1]  

Based on Bartleson-Breneman’s luminance research 

[2], we preceded an experiment on luminance taking 

right environment for watching LCD Display TV into 

account and using diverse images. The methodology 

of the experiment is shown in Fig 4 and the result of 

the experiment shows that in a department store 

condition (1000lx), appropriate value, so called the 

right luminance, was found to be from 460nit to 

710nit.  

 

 
 

Fig. 4. Methodology to find the right luminance 

 

Table. 1. Right luminance for the different conditions 
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3-3. Trans-flective Mode Design 

 

3-3-1. Trans-flective Mode  

 

A method to overcome the unreadability under the 

sunlight is to adapt the transflective LCDs. That is one 

of the passive methods which modulate reflected 

sunlight with a LCD. One of the future solutions for 

the transflective LCDs is using transflective IPS LCD. 

An IPS LCD mode has many advantages over the 

other LCD modes, such as higher color reproduction, 

faster response, and wider viewing angle 

characteristics. However, the complicated optical 

structures and product processes prohibit IPS LCDs 

from being applied to transflective LCDs. To conquest 

those, many researches had been performed.[3, 4] 

Recently, non-contact alignment methods [5] have 

been proposed, the IPS LCD mode can have a change 

to be applied to the transflective LCD. Figure 5 shows 

one of the applicable optical structures of transflective 

IPS LCD. Two directional alignments make it possible 

to divide the reflective part from transmissive part. 

The initial angle of transmissive part is 0 degree like 

typical transmissive IPS LCD. The initial angle of 

reflective part is 45 degree to be the normally black 

state like transmissive part of transflective IPS LCD. 

The transmissive part works like typical transmissive 

IPS LCD and the reflective part also works in a very 

simple reflective optical way. Table 2 and Tab. 3 show 

its optical operation principle with the polarization 

change. This configuration still holds the typical 

characteristics of conventional transmissive IPS LCD, 

the trans-flective IPS LCD have much higher 

performance comparing to other trans-flective LCDs. 

 

 
 

Fig. 5. Applicable optical structure of trans-flective 

IPS LCD. Directors’ initial angles are 0o for 

transmissive part and 45 o for reflective.  

 

Table 2. Optical principle of the trans-flective IPS 

LCD for transmissive part. 

 

 

   

 

Table 3. Optical principle of the trans-flective IPS 

LCD for reflective part. 

 

 

  

3-3-2. Transmissive/Reflective alternative Mode  

 

Generally in case of trans-flective mode, one pixel 

is divided into a transmissive sector and a reflective 

sector so if aperture ratio is low, in dark environment, 

it tends to be displayed darker than the transmissive 

panel.  
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Fig. 6-a) Black State  

 
Fig. 6-(b). White State  

  

Transmissive mode uses B/L as the light source in 

indoor. In reflective mode, however, B/L turns off and 

inverted voltage is applied so that luminace of light 

from outside can be adjusted. Light from outside in 

reflective mode black state gets linearly polarized by 

the upper polarizer, and as it passes through the cell it 

gets polarized by 90˚. Through the retardation films it 

reaches the reflective polarizer and then it reflects 

back to the upper polarizer where it gets absorbed 

away and appear as black state. Whereas in white state 

light form outside maintains its linear polarization 

state all the way without being absorbed.  

 

4. Summary 
 

There are mainly three technologies that have close 

correlation with outdoor readability development 

which include reflection reduction surface treatment, 

high luminance panel and transmissive panel. These 

three technologies can be applied to certain 

application areas where required   

Above all, in Public Display appropriate luminance 

which suits the environment luminance is the key to 

sucess in outdoor display performance. In addtion, in 

Mobile in which portability is important, making use 

of the outdoor luminance to increase light efficiency is 

substantial. Currently, this outdoor readability 

technology development is focused on application of 

Mobile and Public display, in the near future, however, 

the attention will be drawn to the field of IT ie. 

netbooks and laptops etc..    
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