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Outline 

• Overview of the flexible display market
• Recent developments in flexible displays 

and e-paper
• Technical challenges and opportunities in 

flexible & roll-able displays 
• Conclusions 
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From Books, CRT to Flexible Displays 
& Format Flexible ePaper

~100 years ago
~30 years ago

?
~1000 years ago

?
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USDC Worldwide FPD Market Report
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The material cost accounts 
for 75% of the total 
manufacturing cost.

---Information Display, 
22(2), p 12 (2006)---

Cost Structure of a 40” Display
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Flexible Display Market to Grow 83.5%/yr

@$1B
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Recent Developments in 
Flexible Displays/E-Paper

• Electrophoretic displays
e-ink, SiPix, Bridgestone

• Electrowetting
Liquvista (Philips)

• Cholesteric LC
Kodak, Kent Display, Fujitsu

• Electrochromic 
Siemens, N’Tera Ltd., and Uppsala Univ.

• MEMS
Qualcom

• OLED/PLED
Kodak, UDC, Xerox, DNP…etc
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E-Ink

01/2006

PlasticLogic
01/06; 
10”, 100 p/in2

Toppan/Tokyo Inst. Tech, room 
temperature processable
amorphous oxide (a-InGaZnO) 
TFT on plastic Epson LTPS by SUFTLA
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LG Philips Flexible eBooks

14” flexible e-book display at the 
SID’06. over one megapixel and 
can be viewed from any angle. 

10” SVGA flexible E-ink display
Information Display (6/2006)
CR>10:1; 4 gray levels;15V
Total thickness: 0.3 mm

a-Si:H TFT on a stainless steel foil w a multi-barrier structure
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Smart Card by
SmartDisplayer
based on 
SiPix
Microcup
EPD

SID
Best product award 
of 2005
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SiPix Microcup EPDs

(special dyes jointly developed with BASF)
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BridgeStone Liquid Powder

2-color display by color liquid powder
0.29mm, all plastic (06/2006) Hitachi, 13.1”, 512x384

4096 color, RGBW, Color filter (2006)

2003-04
@10 um
particles

Hitachi ePaper 07/2005  400x440

2005-06
@3~4 um 
particles

?
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Electrowetting (by Philips, Cornell Univ, RPI)

Very high color saturation 
C, M, Y colors in all pixels
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Liquavista, Electrowetting
- Fast switching rate
- High brightness
- High color saturation

Flexible? Roll-able?
R2R Manufacturing?
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Cholesteric LCD 
(Kent, Kodak, Fujitsu)
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Cholesteric LCD (Kodak/Kent)
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ElectroChromic Displays
(Siemens, N’Tera Ltd., Ireland and Uppsala Univ, Sweden)

(To be launched
in 2007)

- High Sintering T
- Stainless steel substrate
- Stability of dyes @ high V 

for High switching rate
- Limited colors shown
- 2-week bistability

<1 Euro for a 3” Label?
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Qualcom (Iridigm) Digital Paper
(A MEMS Based Display)

- High switching rate/V

- Low color saturation
- Expensive process

- Large area? 
- Flexible?
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Flexible OLED/PLED

Printed PLED (DNP)Printed PLED (DNP)

Pioneer
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AM-OLED (UDC/Xerox/Vitex)

6”x6” QVGA Xerox Poly-Si TFT on Steel, UDC PHOLED, Vitex barrier, 
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Technical Challenges & Opportunities
for Rollable Displays & e-Paper

For LCDs:
• Thickness & Light Management
• In-cell polarizers/retarders
• Cell gap control during bending/rolling
• Viewing angle

General Process Issues:
• Not all technologies are printable
• Resolution/registration of printing & converting

General Material issues:
• Barrier properties, surface roughness and temperature resistance of 

substrate
• Mismatch of thermal expansion coefficients
• Flexure resistance of the electrodes
• Flexible Battery
• Fine pitch connection & packaging materials (Trillion Science)
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Light/Power/Thickness Management

100%
Lamp
Output

Lamp

TAC

Stretched PVA

TAC

LCD-cell

Stretched A plate  (

Polarizer

Compensation film-1

TAC

Stretched PVA

TAC
Polarizer

Light Guide

or WV film)

Stretched  & coated C plate  Compensation film-2 (or WV film)

Color Filter
TFT

50%

45%

85%

25%

90%

Diffuser

Reflector

1000-2000 um

50-100 um

50-100 um

120-250 um

120-250 um

DBEF (recycle polarized light) 130 um

BEF (collect light)
155 um x2

2000-
3000 um

~4% transmitted
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Optical Films Currently Used in LCDs

About 
440um

(C) X-plate

o e

TAC film 80um

DBEF layers Diffuser 
Sheets

PEN

PEN

PEN

PEN

PEN

n=1.64

n=1.64

n=1.64

no~1.64
ne~1.88

Stretched 
PEN

(A) 3M DBEF Film

Isotropic
adhesive

polarizer

(C) X-Plate

(D) Fuji Photo WV film 

WV Film

LC Cell

WV Film

(E) Nippon Oil NH Film

Film axis

LCP <1um
∆n=0.236

polarizer

(B) A & C plates (for MVA Mode)

polarizer

C-plate,
(nx=ny>nz)

C-plate

A-plate,
(nx>ny=nz)

VA cellηX ηY

ηZ
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LC 
Coating

LC film on carrier; 
Transfer 
Lamination or 
overcoating, if 
needed.

Drying UV 
Curing

Converting

(5A) (5B)

Brightness Enhancement Film by Coating 
(Nitto, 3M, Polaroid, ROLIC, OCLI, Reveo, BASF, Honeywell, Brown Univ., ITRI…)

Next moves:
- Coated ¼ plate
- Oblique angle alignment or stretching
- Single-pass broad-band brightness enhancement
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In-Cell Polarizer/Retardation Film-1 
(Philips/BASF)

Transflective & Reflective LCDs

90o TN

- Broad-band 1/4  wave coating
- PI alignment layer 
- 2-step exposure 
- post thermal curing

- Thinner
- Brighter
- Wider viewing angle
- Lower V
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In-Cell Polarizer/Retarder-2 (SONY)

Coated polarizer

- Polaroid 1980’s: H-polarizer for in-cell applications

- Chemical resistance, alignment and polarization efficiency need to be 
significantly improved



Aug. 2006 RC Liang for SRB, Taiwan 27

Toward Roll-to-Roll Manufacturing
Patterning Processes
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Barrier Properties



Aug. 2006 RC Liang for SRB, Taiwan 29

Sigma Technologies

Vitex
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NEC Organic Radical Battery (ORB)

<1 mm thick and can be recharged in 30 sec.

no harmful chemicals typically used in   

rechargeable batteries

about 300 um gel polymer layer

Gel battery boost for 
radio tags 

(12/2005)

Target Applications:
Smart cards
RFID
Wearable computers 
E-paper
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Flexible Batteries

Li Polymer, MnO2/Li
3V, 10-30 mAh, 
<1%/month self-
discharge
Operation T: -20~60oC
>0.35 mm

Solicore Li Battery Enfucell Paper Battery

• Metal is oxidized at one 
side of paper and MnO2 is 
reduced at another side of 
the paper when the battery 
is connected.
• A paper-containing 
electrolyte as the separator. 
• M =Zn, Al, Ni..;1.5V if Zn 
and MnO2 are used. 

Fuji Electric System

Roll-to-roll flexible, tandem 
junction (SiGe/a-Si) solar 
cell on polyimide
Jointly developed with 
Kumamoto University and 
the Kumamoto Techno 
Industrial Foundation.
30MW by 2009

Other flexible Solar cell companies: 
ECD, Akzo Nobel, Konarka…etc 

Others: Polaroid
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Anisotropic Conductive Film (ACF)

Release liner-2

Release liner -1

Low T Curable Epoxy Adhesive

Au

Ni
Monodispersed 
crosslinked 
latex particle
4-10 um

Insulating 
polymer shell

FPC or COF-2

Heat & Pressure

FPC or COF-1

Connected pitches 
- ACF is critical for bonding fine pitch 
display or chip to substrate, e.g. FPC, COF. 

- As of today, a pitch size of 40-50 um
appears to be the resolution limit of ACF.
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World-wide Market and Applications of ACFs

ACF
FPC to FPC bonding

Display to FPC or PWB

Chip-to-glass (COG) or chip-on-film (COF)

Flip Chip Bonding

About US$400M in 2005 @13% AGR (30% increase in volume)

Two Major Suppliers: SONY and Hitachi, pitch size: ~40-50 um

For high-end portable & roll-able displays, a finer pitch ACF is needed.
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Trillion Science Vs. SONY & HITACHI
Trillion Science

40 um
400x

40 um

Trillion Science
Patent Pending

(40-50 um pitch)

Trillion’s Fixed Array ACFs compared with SONY and Hitachi’s:
- Ultra fine pitch (<20 um, the world’s record?) achieved by the fixed array structure 

Higher conductivity in electrode areas
- Comparable resistivity in the non-electrode area
- Comparable curing kinetics and performance of bonding adhesive
- Significantly lower particle loading (very low material cost)
- Significantly simpler roll-to-roll process (significantly lower Manufacturing cost)

Scale-up and Reliability tests underway

Trillion Science’s first product series.
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Conclusions
• Flexible displays and e-paper are gaining more and more 

visibility with a very impressive growth in market share.

• Technical challenges and opportunities exist in almost all 
areas, particularly in
- New display/imaging technologies
- Substrate & Barriers
- Optical films, particularly in coated and in-cell applications
- Batteries
- Connection and packaging materials
- Patterning & Manufacturing processes

• Taiwan has great potential to become the key leader in both 
technology and manufacturing in this huge and fast growing 
industry.
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