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Toward Flexible & Rollable
Displays/Electronic Paper

Flexible

100 years old ~ 25 years old

Technological Advancement
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The US DoD Flexible Display
Initiative

Combat Aircraft

Effects
Flexible Display 3 Triangle
& Comm. Devica
Neaded to replaca
Verhal Messaging,
Breakable Display
& Multiple Radins
[now) with Digital

Waarable System

Source: D. Hopper (Air Force Research Lab.)

Flexible Display Initiative

L 0
Degrees of Flexibility Goals =
/,/ﬁ/,“’
Max. area in

min, velume

Mod. Rugged
Conformal Paper like:
soldier equipment Lt waight
fixed curve: min. Max. rugged
rugged, Mod. weight Fits in pocket

e

Flexible
wearablefabric

Moderate rugged
Min Valume

Glass commaearcial
rigid substrates:

fragile, bulky, heavy

~

Source: J. Pellegrino (Army Research Lab.)

R.C. Liang for 08/05 SRB Meeting,

Taiwan



Recent Developments

FLEXIBLE DISFLAYS AND ELECTHOMIC PAPER
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Conformal, Wearable, and Rollable
Displays demonstrated recently
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Definition of Electronic Paper

A display with the basic characteristics of printed media:

» Compatibility with flexible substrates

» No power required to maintain an image (bistabllity)

» Wide viewing angle

» Insensitive to ambient lighting and various
humidity/temperature conditions.

And preferably,

- Low manufacturing cost
- Low Operating cost

- Format Flexibility
- Easy Converting
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Paper vs. Displays

Dot density required in printed media to match the resolution
of a 200 ppi display with 24-bit color (IBM)

Consideration/Condition “Equivalent” Print
Nature images with binary halftone ~200 Ipi
Smallest reliable spot, minimum linewidth ~133 Ipi screen; ~600 dpi
Smallest area with full grey scale (4 bit dots) ~800 dpi
Equivalent bit areal density ~ 690 dpi

» 400 dpi @typical 100 ppi of current electronic displays.
» Inexpensive 2400 dpi printers are now available for
home and office uses.
As of today, printed Media is still of much higher resolution
and low cost
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Technical Challenges

General iIssues:

« Barrier properties, surface roughness and
temperature resistance of substrate

 Mismatch of thermal expansion coefficients
* Flexure resistance of the electrodes

* Flexible Battery

For LCDs:

e Cell gap control during bending/rolling

* Viewing angle

* Thickness & Light Management
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Contrast During Bending/Rolling

- Changes of cell gap during bending may be controlled to about 50 nm by using
spacers in fixed positions that are aligned with the ITO lines.

- Fixing cell gap by microcup structure is a potential solution for roll-to-roll
manufacturing of flexible displays with or without polarizers.
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Barrier Properties

Gas barrier performance and development target
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Polymeric substrate & barrier coatings

= Multilayer (inorganic / = Hard coat film plus 4 to 8
organic % coate olymer barrier layers

w Or: Elnﬁle layer inorganic
barrier

= polymer / AlO, multilayer

compensates coating defects
= permeation rates below the
detection limits of commercial
equipment

(Vitex Systems)

- Vitex System Multilayer AIOx/Acrylic system
- Pioneer: SiION passivation layer
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Light/Power/Thickness Management
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Polarizers by Coating
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Next move?

Polarizer

- Improve orientation
- Improve environmental stability (w/o
protective films)

- In-cell coating
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3M DBEF Stacks

Structure of a brightness-enhancing film
Source: 3M's DBEF-D document
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Alternative Brightness Enhancement Films

Nitto, Philips, Reveo,BASF, ROLIC, Charmica Polaroid, Honeywell, Brown Univ.

CLC polarizing sheets are commercially available from Nitto Denko,
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Next move? Direct integration/coating on the back light unit.
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Compensation Films
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Active Matrix TFT Choices for Flexible Substrates

1. Transfer high performance silicon devices onto plastic substrates
® Very low temperature processing
¢ Not compatible with low-cost objectives
2. Amorphous Silicon (a-Si) TFT:
* Work horse of the well established AM LCD Industry
* Low Mobility ~ 1 cm2/V.5ec
¢ Typical deposition temperature ~ 300°C
¢ Low temperature ( ~ 150°C) a-Si TFT process feasible
3. Low-Temperature Poly-Silicon (LTPS) TFT:
¢ High TFT Mobility ~ 100 Cm2/V.Sec.
¢ Both NMOS and PMOS TFTs available
oTypical process temperature ~ 450 to 600°C
¢ Ultra low temperature (~ 1002 C) Poly-Si (ULTPS) process is being
developed
4. Organic TFTs
® Mobility ~ 3 cm?/V.Sec
* Very low temperature processing ( ~ 1002 C)
¢ Technology is being developed
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ECD Roll-to-Roll Flexible Solar Cell

Temporary Al foil

!

Plastic film

Pilot line module size — (L x 0.3) m#
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Flexible Display/Electronic Paper
Technologies

1. Light Emitting Diode technologies:
- OLED/PLED/PHOLED, CCM, ECL, and their hybrids

2. Reflective, Bistable Display technologies

- cholesteric LC, electrophoretic, gyroelectric,
electrochromic, electrodeposition, conducting
particles, and liquid powder.
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Recent Flexible PM OLEDs/PLEDs

1 TR
= py

Pioneer in SID’03. Pioneer in IDW’03. NHK in IDW’03.
3”, 8 bits grey scale 160xRGBx120 3.6”, 64XxRGBXx64
SION passivation layers
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PHOLED (universal Display)

Thin Film Encapsulated Display on Plastic

Display under compression Display under tension

In action:

+ 64x64 passive matrix

+ small molecule phosphorescent
+« 80 dpi resolution

» video rate

« 178 um barrier coated PET

+ 5-7 um thick encapsulant

In collaboration with Vitex Systems
Y

COBPFPORATION"
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Printed PLED by DNP
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CCM by Univ. of Cinn.

TIT

* Single Inorganic Material High Efficiency LED - (Al,Ga,In)N
* Organic Material - "Passive” layer : ]
* Very high luminescence efficiency White
* No current flow = No contacts = Simple process CCM
= No current-related degradation 428, 550 nm
* Single organic layer/LED
* 3-color integration
* Vacuum evaporation - shadow mask in single pumpdown
* Ink jet printing, Screen printing

UV (or blue)
emitter LEDs
RGE color
conversion material InGal Green Yellow Red
Blue LED CCM CCM CCM
"~ transparent 428 nm 490 nm 58D nm 630 nm

substrate

Feb. 200+

Flexible Display - Key Ingredients

Basic LW concept
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Electrowetting (by philips, Cornell Univ, RPI)
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Reflective Displays

1.Cholesteric LC
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2. Rotating Balls (Gyricon Media)

g Tront Plate
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3. ElectroChromic Displays

(N'Tera Ltd., Ireland and Uppsala Univ, Sweden)
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4. Iridigm Digital Paper

(A MEMS Based Display)
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6. Electrodeposition Displays (Sony)
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8. E-iInk EPDs
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SIPix Microcup® EPDs
Adhesive
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Transparent Mi ®
Conductor ICrocups

The world’s first roll-to-roll line In production
Each step must be accomplished within seconds
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SiIPIX Microcup®Electronic Paper

S SmartBisgisysr™
A PC-like Smart Card
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Rollable Active Matrix EPD
Back plane supplied by Philips

Thickness: ~ 125 pum
Bending radius < 1cm !!!
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Rollable Microcup® EPDs

Integrated by
Polymer Vision,
Philip
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Conclusions

Technical challenges exist in barrier, substrate, cell gap control, flexure
resistance of electrodes, viewing angle, light and thickness management
management, and manufacturing processes.

As of today, Electrophoretic (EPD) is one of the most encouraging for Rollable
Displays/Electronic Paper applications for their

- Reflective, wide viewing angle

- Bistability

- Low operation voltage & negligible current demand

- Ultra thin, ultra light weight

- Compatibility with roll-to-roll manufacturing & converting processes
- Format flexibility

- Both PM and AM driving

- Full color with high color saturation (to be demonstrated)

- Physicomechanical & environmental durability (Microcup® EPDs)
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