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JXTG Nippon Oil & Energy Corporation, 

As an integrated energy company, contributes to the development of a 

sustainable economy and society through the stable supply and  

effective use of energy.  

< Business Activities > 
Refining and marketing of petroleum products 
   (gasoline, kerosene, lubricants, etc.) 
 Importing and selling of gas and coal 
Supply of electricity, hydrogen 
Manufacture and marketing of petrochemical 

products 

< In Japanese market> 
Amount of Sales : about 10 trillion yen 
Gasoline sale share: about 50% 
Service station:  13,800  shops 



3/27 

High Performance Materials Company will provide 
appropriate solutions for customers, based on key 
technologies such as 『Highly Heat Resistant Resin』・『
Elastomer』・『Nanofabrication』・ 
『Mass Production Packaging for Fermentation』 

notes 
Core 

Technology 

Key Technology 

Products of High Performance Materials Company 
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Visible Light 

☑ Optical frontier has moved from micro world to nano world  
☑ Because photons and electrons are affected by the nanoscale 

    structures, new phenomena and unconventional materials are found 

Sccatering 
Refraction 
Reflection 

Classical Optics 
Diffraction 

Why focus on nano-structures? 
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Light extraction for 
OLED Lighting 

3D effects Anti reflection Water repellent  

Corrugate Lens Cone Pillar 
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Various functions realized by nano-structure 
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Nanoimprint is 
  a technique of transferring a concavo-convex structure to a resin 
surface by pressing a nano-sized mold  against a resin 
（Developed by Prof. Stephen Chou, Princeton Univ.  in 1995） 

☑ Compared with other lithography using in semi-  
  conductor manufacturing, nanoimprint has some 
  advantages in Enlargement of device and Low cost 

Metal mold  Nano-scale 
patterns 

Template 

Substrate 

resin 

About nanoimprint technology 
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Production method at our company 

UV lamp 

Film 
substrate 

Metal 
mold 

Imprinted 
film 

UV resin 

Film Imprinting（Roll to Roll） 

 Film 
substrate 

Glass Imprinting（Roll to Sheet） 

Inorganic 
material 

Mold 

Glass substrate 

Up-down 

Glass substrate 
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（１）Accelerated replacement of LCD by OLED 
       Based on shipment value, OLED is expected to surpass LCD by 2018   
       Based on shipment volume, LCD: 1.32 billion, OLED: 0.56billion (by HIS tech)   

（２）Manufacture  Monopoly of Korean makers at present 
      → Competition with China/Taiwan makers should be intense in the near future  

（３）Flexibility 
       Understanding concerned to its stepwise evolvement is very important 
       edge →  curve   →   bendable  →   foldable    →   rollable 

☑  “OLED premier”  over LCD is losing. Competition of image quality   
   among OLED is emerging. The importance of anti-reflection tech   
   which becomes the deciding factor of "True Black" increases 
☑ With the flexibilization, ”View Angle Widening “ and ”Thickness  
   Reducing”  are becoming important.  

Industrial viewpoint for developing anti-reflective materials 
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In a bright place 

Low Contrast by a reflection 
 of ambient light on electrode 

In a dark place 

High Contrast 

Issues of OLED Display (Necessity of anti-reflection film) 

☑ Anti-reflection film is essential to OLED 

𝑪𝑹 =
𝒀𝒎𝒂𝒙

𝒀𝒎𝒊𝒏
 𝑪𝑹 =

𝑨+ 𝒀𝒎𝒂𝒙

𝑨+ 𝒀𝒎𝒊𝒏
 

A:Ambient Light 
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Right handed circular 
polarized light 

Left-handed circular 
Polarized light 

90°polarized light 
0°polarized light 

polarizer 

Retardation film 
（λ/4 plate） 

Transmission axis 

Metal electrode 

× 
Shut off 

Reflection light 

☑  To realize “True Black”,  Wavelength dispersion 
& viewing angle characteristics 

 of λ/4 plate (QWP) is important 

Natural light 
（Non polarized） 

Theory of anti-reflection function 
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☑  For QWPs, it is ideal that retardation is  
  1/4 of the wavelength with overall visible light  
☑ However, there are NOT such materials 
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500÷4 = 125nm 

600÷4  = 150nm 

400÷4 = 100nm 

True black 
Ideal 

Dispersion 

◎ 

Wavelength dispersion characteristics of λ/4 plate 

Wavelength Dispersion:  Retardation of optical films  
                                    changes according to wavelength 
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Normal Disp. 

☑For anti-reflection, it is important 
how we  can make wavelength 

dispersion close to the ideal 

Normal 
Dispersion 

Purplish Black 

× 
Reverse 

Dispersion 

Almost Black 

△ 

Wavelength Dispersion:  Retardation of optical films  
                                    changes according to wavelength 

Wavelength dispersion and anti-reflection performance 

True black 
Ideal 

Dispersion 

◎ 



13/27 

Retardation 
films 

1st Gen. 

2nd Gen. 

LC Films 

Discotic LC 

Rod-like LC 

Uniaxial 
stretching 

Biaxial 

Stretching 

nx 

ny 

nz 

nx > ny = nz 

nx 

ny 

nz 

nx > ny > nz 

Stretched 

Films 

Types of retardation film (wave plate) 

The refractive index in 
the thickness direction 
can be continuously 
changed 

Changing the 
refractive index by 
stretching tangled 
polymer chains of  
plastic films 
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Wavelength dispersion of various λ/4 plates (front characteristics)  
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Reverse Disp. LC Reverse Disp. PC COP (Double Layers) 

☑ New technology which can improve both 
 “True Black” and ”Viewing Angle” is expecting 

Viewing angle of λ/4 plates (polar angle along the slow axis) 
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OLED 

Window Glass/Film 

Anti-reflection layer 

Touch panel layer 

Polarizer 
λ/4 plate Circular Pol. 

Stack up of OLED 

Improving viewing angle of anti-reflection film 

☑ Adding +C film is an 
effective way to improve 
viewing Angle 

Polarizer 

Vertical Alignment 

Improvement of   
Viewing Angle 

λ/4 plate 
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Features 
☑Improve the contrast of display 
  in the all directions 
☑Make the display quality of OLED 
   and LCD clearer and sharper 
☑Do not change the thickness of 
  polarizer as a ultra-thin optical film   
☑1μm ultra-thin +C film 

About liquid crystal film (NV film) of JXTG 

Viewing angle can be largely improved  
by adding NV film to polarizer Using the original  

LC material 

IPS-LCD OLED 

w/ NV 

w/o NV 

IPS-LCD 
Pol 

Pol 

NV Film 

OLED 
NV Film 

Pol 
λ/4 plate 
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Reverse disp.PC 

（Nz=1.15） 
Reverse disp. PC 

+NV(Rth=-130nm) 

Effect of NV film (+C)    (1) 

Polarizer 
Reverse disp. PC Reverse disp. PC 

Polarizer 

NV film 
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+NV Film +NV Film 

+NV Film 

+NV Film 

+NV Film 

+NV Film +NV Film 

+NV Film 

+NV Film 

Effect of NV film (+C)    (2) 
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True Black Viewing Angle Flexible 

Type 
Material 

cost 
Wavelength 
Dispersion 

Viewing 
angle 

Number 
of layers 

Thickness 

2 layers Type 
 Stretched (COP) ○ ◎ × 2+1* × 

 Liquid Crystal ○ ◎ × 2+1* ○ 

Reverse dispersion 
 Stretched (modified PC) 

△ △ △ 1+1* × 

 Liquid Crystal × △ △ 1+1* ○ 

 Liquid Crystal w/ dye ×× ○ △ 1+1* ○ 

 Hybrid alignment 
 Liquid Crystal w/ dye ×× ○ ○ 1 ○ 

構造複屈折 ◎ ◎ ○ 1層 ○ 

Comparison of various λ/4 plates 

 “+1”: means usage of a +C film  

 for viewing angle improvement 
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Retardation 
films 

1st Gen. 

2nd Gen. 

LC Films 

Discotic LC 

Rod-like LC 

Uniaxial 
stretching 

Biaxial 

Stretching 

nx 

ny 

nz 

nx > ny = nz 

nx 

ny 

nz 

nx > ny > nz 

Stretched 

Films 

The refractive index in 
the thickness direction 
can be continuously 
changed 

Changing the 
refractive index by 
stretching tangled 
polymer chains of  
plastic films 

Types of retardation film 

Structural 
Birefringence 

Optical properties are determined by 
the fine structure without restriction 
of material properties 

3rd Gen. 
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f：filling factor 

☑ Larger birefringence can   
   be obtained by    
   increasing the difference  
   of n1 and n2  

Because of  ny < nx, 
the refractive index in a direction 
parallel to the period is smaller 

Structure birefringent retardation film 

Refractive Index  

   n1 

n2 

nz 

nx 

ny 

☑ Retardation occurs when 
   the pitch of a periodic    
   structure is shorter than     
   the light wavelength 
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Wavelength(nm) 

500nm 

☑ NO need expensive resin or liquid crystal materials 
☑ Wavelength disp. can be changed by tuning the fine structure 

Design A 

Design B 

Wavelength dispersion 
depends on its structure 

Features of structure birefringent retardation film 
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Wavelength dispersion of various λ/4 plates (front characteristics)  
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Reverse Disp. LC Reverse Disp. PC COP (Double Layers) 

Viewing angle of λ/4 plates (polar angle along the slow axis) 

☑ Structural birefringence has excellent 
“Viewing Angle” features, and is more 
suitable for “Flexible display” thanks 
for the thinness 

Structural Birefringence 
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True Black Viewing Angle Flexible 

Type 
Material 

cost 
Wavelength 
Dispersion 

Viewing 
angle 

Number 
of layers 

Thickness 

2 layers Type 
 Stretched (COP) ○ ◎ × 2+1* × 

 Liquid Crystal ○ ◎ × 2+1* ○ 

Reverse dispersion 
 Stretched (modified PC) 

△ △ △ 1+1* × 

 Liquid Crystal × △ △ 1+1* ○ 

 Liquid Crystal w/ dye ×× ○ △ 1+1* ○ 

 Hybrid alignment 
 Liquid Crystal w/ dye ×× ○ ○ 1 ○ 

Structural Birefringence  ◎ ◎ ○ 1 ○ 

Comparison of various λ/4 plates 

☑ Structural birefringence is the best solution for the needs    
  for realize “True Black”, ”Wide Viewing Angle” and “Flexible”, 
  as a next-generation retarder for OLED 
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Thank you very much 
for your kind attention! 
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