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SiPixPresentation Outline

•RTR Manufacturing Process for Microcup® EPDs

•SiPix Microcup® EPDs Characteristics

•AMEPD Properties and Converting processes

•PMEPD Threshold Characteristics

•Applications for Microcup® EPDs and Summary

•Microcup® LCD



SiPix

Readability:
High Whiteness
Good Contrast Ratio
Wide View Angle
Ambient & Sun Light
readable

Portability:
Light Weight
Thin & Flexible
Durable
Writeable/Printable
Format Flexible

Affordability:
Product reusability
Low Material Cost
Easy Manufacturing
Environmental Friendly
Low Power Consumption

SiPix Microcup® EPDs provide:

SiPix Revolutionary Electronic Paper



SiPixElectrophoretic Displays (EPDs)

-Field-induced migration of charged particles in a dielectric fluid to create 
contrast. (First Disclosed in 1969)

-Advantages: Power consumption, bi-stability, view angle, 
contrast ratio (reflective).
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-Tradeoffs: Shelf-life, Image uniformity, Switching rate. 

No Stable Threshold for Passive Matrix Driving.



SiPixSiPix Microcup® EPDs

- Roll-to-roll manufacturing processes:
*  High speed microembossing processes 
* Seamless filling and top-sealing processes

* Submicron, non-aqueous density-matched particles

- Proprietary driving mechanisms
- More than 85 US Patents Pending since 2000 



SiPix

Embossing 
roller

plastic
substrate

adhesive

Transparent
conductor film

microcups

cutterFinished 
Product

ITO

Coating Microembossing

Filling & SealingLamination & Cutting

(Current Throughput >20 ft/min)

SiPix Roll-to-Roll Manufacturing



SiPixSiPix Embossed Microcups®

Embossed microcups

Microembossing

Profilometer picture of Mold 
from Microembossing roller

Microcup size: 40-200um
Street width: 5-25um
Depth: 12-40um
Microcup shape: rectangular, square, 

hexagonal



SiPixConventional LCD injection
—— not applicable in microcup EPD display

vacuum

Display fluid

Time consuming batch process



SiPixSiPix One-Pass Filling & Sealing

Phase separated 
Sealing material

Phase separationPre-dispersed
sealing material

hardening

Controlling 
Factors:

• Density
• Incompatibility
• Surface tension
• Viscosity

Controlling 
Factors:

• Density
• Incompatibility
• Surface tension
• Viscosity

Seamless sealing may be accomplished in seconds.



SiPix

Phase separation and hardening

Sealant materialTwo-phase
Inter-mixing

Overcoat sealing layer

Controlling 
Factors:

• Density
• Incompatibility
• Surface tension
• Viscosity

Controlling 
Factors:

• Density
• Incompatibility
• Surface tension
• Viscosity

SiPix Two-Pass Filling & Sealing

Seamless sealing may be accomplished in seconds.



SiPixBarrier Property of the 
SiPix Seamless Sealing Layer
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SiPixRoll-to-Roll Manufacturing facility

Fremont, CA



SiPix

Fremont, CA

Roll-to-Roll Sputtering



SiPixSiPix Microcup® EPDs
Current capacity in Fremont, CA: 

> 3.6 MM ft2 per shift per year
- Up to 14” in width
- May be unlimited length

Equivalent to about:

345 MM cell phones 100 MM PDAs

14  MM 5”x7” e-Books    or     4.7 MM 15” Notebooks

@ Less than 20% of the LCD material cost
and negligible labor



SiPixSiPix Microcup® EPDs

Bias angle of  0° from the normal plane Bias angle of  30°

Bias angle of 45° Bias angle of  60°

Nearly 180º Viewing Angle (horizontal, vertical)



SiPixSiPix Reflective Microcup® EPDs

Good visual effect under   strong light
non-uniform light



SiPixSiPix Unbreakable Microcup® EPDs

Detail condition of the dropdown test: 

• Dropdown height: 3 meter, 
• Floor type: cement hard floor with hard coating,
• Repetition >50 times, 
• Result: Panel maintained the same performance.



SiPixSiPix EPDs: Super Flexibility

The display can be rolled up to carry, unwind to read.



SiPixSiPix EPDs: Super Water Resistance
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SiPixImage Bistability of Microcup® EPDs
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> 4 months of image bistability



SiPixSiPix EPDs: thin & format flexible

First Direct Drive EPD integrated with Smart Card



SiPixSiPix Microcup® EPDs

• Active Matrix EPD (AMEPD):
Monochrome XVGA has been demonstrated

• Passive Matrix EPD (PMEPD)
132X60 has been demonstrated with wide operation 
temperature latitude



SiPixSiPix Microcup® AMEPDs

EPD Roll

a-Si TFT

ITO/PET

Microcup

TiO2 particles

Viewing Side

a-Si TFT

ITO/PET

Microcup

TiO2 particles

Viewing Side

a-Si TFT

ITO/PET

Microcup

Microparticles

Sealing/adhesive layer

Viewing Side

Lamination to TFT

EP panel

Release linerRemove 
Release

Operation voltage ≤ ± 10V



SiPixSiPix Microcup® AMEPDs

Optical outputElectrical Input

Electro-optical response curves of the
1st generation a-Si TFT Microcup®

Operation voltage ±14 V
ton ~ 150 ms   
CR ~10



SiPixSiPix Microcup® PMEPDs

ConnectorsConnectors

Lower Pattern Conductor Film

Upper Conductor Film

FPC and Driver IC 

Connectors
Adhesive/Sealing Layer

Microcups w EPD Fluid

EPD Roll

Microcup® structure allows format flexibility



SiPixSiPix Microcup® PMEPDs
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Threshold Voltage > 10V; Operation: >25V; 

Sharp Gamma     (for e-board applications)
30V

Electrical input

Optical output

10V

Today Ton = 20 msecThreshold voltage > ½ of the driving voltage
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SiPixSiPix Microcup® PMEPDs
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Good temperature latitude (20-60ºC) 
with different threshold voltage



SiPixSiPix Microcup® PMEPDs

No change in threshold after aging at 80oC
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SiPixGray Scale Microcup® EPDs

In addition to voltage and area modulation mechanisms:

Pulse Frequency Modulation Pulse Width Modulation

Pulse Voltage = 20 V

Pulse Width = 15 ms

Pulse Voltage = 15 V

Pulse Width = 20ms ~ 120ms



SiPixSiPix Microcup® PMEPDs

More than 12 grayscale levels have been 
demonstrated with super bistability
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SiPixSiPix Microcup® PMEPDs

Threshold Voltage: 15V, 
•Contrast ratio of >8, 
•ton ~ toff ~ 45ms at a 
driving voltage of 30 V
•Resolution: 60x20 lines 
Microcup® PMEPD



SiPixSiPix EPD Applications



SiPixSummary: Microcup® EPDs

- Microcup® + Continuous Filling/Sealing Technologies
High Throughput & High Yield, Roll-to-Roll Process
Superb Physico-mechanical Properties
Color Rendition

- Proprietary Electrophoretic Fluid & Microcup®

Compatible with PM & AM Driving
Wide Temperature Latitude of Threshold Characteristics
Grayscale Bistability

- Desirable features for Electronic Paper Applications
Flexible, Rugged, Thin, Light Weight, High Contrast,
Low power consumption, Ambient/Sun light readability



SiPixSiPix Microcup® LCDs

• Dispersed Liquid Crystal Displays

by

Roll-to-Roll Manufacturing Processes



SiPixMonodispersed Microcup® LCDs

10 µm10 µm
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SiPixMonodispersed Microcup® LCDs

Wide latitude for  the selection of LC, resin, 
and dyes. 

A reorientation field of about 1V/um
A threshold of about 3V.
Negligible hysteresis
ton~0.2 msec

Microcup® LCDs:



SiPixSiPix Imaging Inc

Thank you!

1075 Montague Expressway
Milpitas, CA 95035

47485 Seabridge Dr.
Fremont, CA 94538

Taipei, Taiwan

Display the World with SiPix
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