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Abstract

A newly developed flexible active-matrix (AM-)
electrophoretic display (EPD) is reported. The AM-EPD
features: (1) low-temperature polycrystalline silicon
(LTPS) thin film transistor (TFT) technology, (2) fully
 integrated scan- and data-drivers, (3) flexibility and
light-weight realized by transferring the whole circuits
onto a plastic substrate using SUFTLA™ (Surface Free
Technology by Laser Annealing/Ablation) process.

A large storage capacitor is formed in each pixel so
that driving electric field aan be kept sufficiently strong
during a writing period. Two-phase driving scheme, a
reset-phase which erases a previous image and a
writing-phase for writing a new image, was chosen to
cope with EPD’s high driving voltage. The flexible
AM-EPD has been successfully operated with a driving
voltage of 8.5 V.

1. Introduction

In recent years, as more and more electronic
documents are distributed through computer networks
such as the Internet, a demand for an electronic paper, an
electronic display with paper-like features, has been
rapidly increasing. Consequently, there have been a
number of studies reported on such kinds of display
devices, ' and electrophoretic displays (EPDs) * have
been proven to be one of the most promising candidates.
Based on the electrophoresis phenomenon of charged
pigment particles suspended in a dyed solvent, EPDs
exhibit such desirable features as good optical
characteristics and bistability, all of which are ideal
properties for the e-paper application. However, they at
the same time possess intrinsic problems of the lack of a
well-defined threshold and the requirement of a high
driving voltage. Therefore it has been long thought to
be impossible to drive EPDs with a passive matrix (PM)
addressing. However, recently some successful attempts
for PM addressing have been reported. Nevertheless,
due to EPDs’ slow response, addressing the entire panel
with PM scheme takes too long, practically unbearable,
especially in case of ultra-high-resolution panels such as

e-papers. We, therefore, believe that active-matrix (AM)
addressing is the most suitable when EPDs are used for
e-papers, and have developed and reported an AM-EPD
using the low -temperature polycrystalline silicon (LTPS)
thin film transistor (TFT) technology. ?

In this paper, we report an AM-EPD with newly
designed pixel circuits and integrated scan- and
data-drivers, using LTPS-TFT. We also successfully
fabricated the panel onto a flexible plastic substrate
utilizing SUFTLA™ (Surface Free Technology by Laser
Annealing/Ablation) process.

2. Microencapsulated EPDs

Our materials and preparation method for
microencapsulated electrophoretic displays (MC-EPD_S)
have been already reported in detail elsewhere.’
Briefly, first TiO. particles are suspended in a dyed
solvent using dispersant and ultrasonic vibration.
Secondly the suspension is enclosed into Gelatin/Gum
Arabic microcapsules by using the complex
coacervation method. Next a water solution containing
the microcapsules is added with a binder, and coated
onto a base film using a blade coater. Then the water
in the solution is evaporated by heating.  The
capsule-coated sheet is called EP sheet. Lastly the EP
sheet is laminated on a TFT circuit substrate.

3. Electrophoretic Display

Writing images on the MC-EPDs is performed by
impressing an electric field across the suspension
between two electrodes. Figure 1 shows the principle
of driving MC-EPDs. When an electric field is applied
between electrodes, TiO, particles are attracted towards
one or the other side depending on the polanty of
voltage due to the electrophoretic phenomenon.
Therefore, white colored dots can be seen when the TiO,
particles are attracted to the front of the display, and
conversely blue colored dots can be seen when an
opposite polarity of voltage is impressed.

Figure 2 shows data concerning contrast ratio of
MC-EPDs for the time under DC voltage between
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Figure 1  Schematic cross section of
microencapsulated EPD.
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Figure 2 Display properties of MC-EPD.

electrodes. When a voltage 15 volt was impressed
directly across the microcapsules for 400 milliseconds, a
contrast ratio of 2.8 was obtained. It was found that
electrophoretic  suspension requires much longer
response time than other display materials such as quid
crystal.

4. LTPS TFT AM-EPD

Figure 3 shows the pixel circuit of the AM-EPD. The
pixel i1s composed of a switching TFT and a storage
capacitor. Since a response time for an EPD is very long
as shown in Figure 2 and the driving voltage has to be
kept sufficiently high during the writing period, the
capacitance of the storage capacitor is required to be
large enough. The value of the capacitance was
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Figure 3 Pixel circuit of the TFT-EPD.

determined considering leakage current and pixel size.
Potential that was stored to the storage capacitor
would be discharged through a switching TFT or EP
materials on pixel electrode. Leak current of the
switching transistor is estimated at 10 A level and EP

material’s leakage current is estimated at 107A level.
Therefore we concluded leakage current was subjected
to characteristics of the switching TFT not EP matenal.

Unlike transmissive displays like LCDs, EPD device
is a reflective display, so a storage capacitor can be
formed throughout the entire pixel area. This gives
advantages when a large capacitor 1s necessary.

We designed the capacitors to possess specifically
about tenfold capacity ratio against to the capacitance of
EPD material.

The block diagram of the panel is schematically
shown Figure 4. The scan- and data-drivers are
integrated around the pixel area on the substrate and
their functions are the same as used in TFT-LCDs,
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Figure 4 Block diagram of the AM-EPD.
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Because EPD writing time takes long as described above,
we chose a line-at-a-time mode In order to avoid

cross-talk problem. Using the two techniques of large
storage capacitors and a line-at-a-time mode has been

proven to shorten the addressing time of displayed

Table 1 Specification of AM-EPD.

: Y

Images. Display Area 84 X61.5 mm
During a gate line 1s selected by the scanning driver, a Number of Pixels 24 % 176 pixels

data-driver applies the data signals into the pixel circuits Pixcels pitch 350 (73 dpi)

connected to the selected gate line. The output pulse of Ixcels pite M m p

the sift register in data-driver is stored in the latch. Operation Voltage 8.5V

After sampling all the data signals for the selected gate Driver bult-in.

line, a latch pulse is input and the data signals are
transferred into the display area through the level shifter.
Al\l,:[lgf-;u;]cl)s &Iustrg:gs drwf:\% wa;efon:rs; to a:ldre;s the Figure 5. The control circuits force all the scan and data
-be i ;EPDe utrlize ah' o;jp:ia_se \;;:g scheme lines to be either level, high or low, according to the
LTc;lSlf?['FT b reczun('ies lgth t:;mg ;od gﬁ wd:ireas control pulse inputs regardless of outputs from the shift
. as a tendency to get degraded when driven registers.

at a high volta-ge. Briefly, in the scheme, one writing As a result, the entire image can be erased at once.
Sequence Consisis of two phases, a reset-phase and a The specifications of the AM -EPD are summanzed in
writing-phase, and the potential of the counter-electrode

Table 1. It h 84 x 61.5 mm' display area in
is dynamically switched between these phases. In order able a5 an play

: which 24 x 176 pixels are arranged.
fo Sh(;.n en the niset.-phz.lse P ertll?d, we placed Sﬁan' an.d Figure 6 shows photographs of AM-EPD devices
data lne control circuits in the drivers, as shown in formed onto glass and flexible substrates. Flexible

substrate was formed by SUFTLA process that enables

Refregh w the transfer of TFTs or TFT devices from the original
Scan control Data control substrate to any substrate.’ ° Fabricatif)n sequence for
Siena - Signa - AM-EPD device is df:scﬁbed below. ’Fll'St, an EP sheet
ci c: signal _ﬂ_ D1 Data signal— I l was prepared by coating electrophoretic materials onto a
N PET film with an ITO layer. The thickness of the EP
G2 Gata signal D2 Data signal— sheet was about 155um. Lastly, the EP sheets were
I I l laminated onto glass and flexible -plastic substrates.
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Figure 5 Driving waveforms for the _ _
A]S,[_E PD. 5 Figure 6 Photograph of displayed AM-EPD.

Asia Display / IMID '04 DIGEST - 155



9.4 / A. Miyazaki

Total thickness of the glass panel and the plastic panel
were about 855 or 375um, respectively. It was
confirmed that the AM-EPD could retain displayed
images, even after power supply and data signals were

cut off. The AM-EPD has also been successfully
operated with a driving voltage of 8.5 volts.

S. Conclusion

We have fabricated an AM-EPD with integrated scan-
and data-drivers on a flexible substrates using low
temperature poly-Si TFT technology and SUFTLA
process. Our AM-EPDs were driven 8.5 Volts, and the
displayed images were retained even after cutting off the
power supply and data-signals. In consequence, our
display device exhibits very low power consumption.
The flexible AM-EPD device showed tremendous
potentiality of the combination of SUFTLA and
MC-EPD in the manufacture of thin, lightweight,
flexible electronic display devices, such as e-papers.
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