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Bottlenecks Within 
Current Flat Panel 
Display Substrate

Problems with 
Quartz Glass 
sbstrates 

Problems with 
Polymer 
Substrates 

Low impact strength 
Low processibility 
Thickness (> 0.4 mm) limitation 
Large area difficulties

Low thermal stability 
Low flexual strength 
Pitting
Low Chemical resistance 
Low hardness strengthHigh gas permeability 

Fragile & brittle 

Pitting
（凹陷）

Flexure
（翹曲）

Organic/Inorganic Nano Hybrid Epoxy

（奈米類玻璃基板配方開發現況）

The Low Surface Roughness Nano 

glass-like substrate Coating Process

（高平坦度之奈米類玻璃基板塗佈製程開發）

Materials Research Laboratories

2003
 MRL developed glassy 
substrate for TFT-LCD
Tg>300˚C2002

Sumitomo developed PES 
polymer substrate for TFT-LCD,  
Tg: 250˚C2000 

Sumitomo developed PES polymer 
substrate for STN LCD,  
Tg: 220˚C1999

Teijin developed PC 
polymer substrate for 
STN-LCD, Tg: 155˚C

1999 2000 2001 2002 2003

Technololgy Trends in Flat Panel Display 

Glass substrates are fragile, difficulties in thickness reduction and in large area
fabrication, while polymer substrate is low heat resistance, low dimensional
instability, low impact strength and high gas permeability

Unit Test 
Methods Glass-Like

Thickness um

nm

<200

Total Light 
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ASTM 
D1003

>90

Coefficient of 
Linear 

Expansion
by TMA <20

Glass Transition >300

Roughness by AFM <10

ppm/˚C
(RT-300˚C)
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Challenges in TFT Processing Parameters on 
Plastic Substrate Materials
（TFT製程對塑膠基材特性需求）
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Silica (20nm)

奈米混成樹脂系統

Silica sol/Epoxy (20/80)

Thermal UV

Nano Hybrid Substrate

A. Curtain Coating

B. Fusion Overflow
Nano Glass-like Hybrid Substrate
（奈米類玻璃基板）
Silica 20 nm

Pencil Test: 5H
Light Transmittance: 90%
Tg: 160~180˚C
CTE: 15-19 ppm/ ˚C
H2O Permeability: 1.5~2 g/m2 day

Epoxy-silica
nanohybrid

pure epoxy

Integrated Flexible Optical Substrates
可撓式光學整合型基板（IOS）

Materials Research Laboratories

This groundbreaking research work conducted at ITRI aims at integrating a number of layers in liquid crystal display 
(LCD) assemblies, including glass substrate, polarizer and color filter, into one "integrated substrate" thus much 
simplifying the structure and its fabrication with substantially reduced assembly thickness and much enhanced light 
transmission.  The reduction in the number of layers also reduces processing steps and in turn improves yield.  Most 
significantly, this patented innovative approach enables the fabrication of low cost, high performance flexible displays 
with roll-to-roll manufacturing processes.

傳統液晶顯示器是由多層廣義的光學層所組合而成，本計畫目標在開發可將其中的偏光膜、玻璃基板、彩色濾光層
等整合在一起的「光學整合型基板」，該基板係由利用奈米轉印製程技術在基板上形成奈米尺度之金屬微結構圖案，
該結構可使可見光通過該基板時產生偏光及彩色等光學特性，由於層數減少，組裝LCD之製程數隨之減少，可增進整
體製程良率，同時因層數減少，層間介面數也減少，整體透光度因而提高，另外利用所開發的可撓式基板技術，可
以進行捲軸式的製造，降低製造成本、同時提升性能。可撓式基板材料技術、以及具多重功能含奈米結構的整合型
光學膜技術已申請專利。

Line 1
Rp-v

123.7 nm AD:4.043疫 Cd:253.9 nmBh:0.08455疫
Cursor Cursor Cursor

polarizer
integrated

LCD construction w/IOS

Nano metal grating

Substrate

WVF
Glass Substrate

Color Filter
LC layer

IOS

Nanoimprint Lithography (NIL)

(Stamp for NIL)

Nanoimprint

De-mold

Metalization

Lift-off
AFM

SEM

Pitch = 8.086/20 = 404 nm

Polarization verification

un-polarized
light

polarized
light

Rotary Angle (deg)

ln
te

n
si

ty
 (

m
W

)
2003/05

Nano Glass-like Hybrid Substrates
For Active Matrix Displays

主動式平面顯示器用奈米類玻璃基板材料技術開發

Nano organic/inorganic hybrid composites are formed through nano dispersion of high thermal resistance, low 
coefficient of thermal expansion (CTE) nano organic powders within the polymer matrix, resulting in improved thermal 
resistance and dimensional stability.  High transparency can be achieved through the control of nanoparticle sizes. 
These nano hybrid composites are crucial substrate materials for next generation active matrix flat panel displays.  Year 
2003 target is to bring the glass transition temperature of these glass-like substrates to above 300˚C (presently over 
280˚C).

本計畫將奈米級高耐熱、低膨脹性之無機氧化物粉體分散於有機高分子中，以改善材料之耐熱性與尺寸安定性，並
藉由奈米粒子尺寸控制達到高透明度，可作為新世代主動式平面顯示器基板之應用，2003年的目標是使上述類玻璃
基板的玻璃軟化溫度達300˚C以上（目前已達到280˚C）。


