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(54) Drive apparatus for bistable displayer and method thereof

(57)  Adrive apparatus for a bistable displayer and a
method thereof are provided for driving a bistable dis-
player with a plurality of pixels. The drive apparatus in-
cludes an initialization unit, a receiving unit and a display
drive unit. The initialization unit is for generating at least
one initial potential level to all pixels to perform initializa-

tion. The receiving unit is for receiving a plurality of gray
levels. The display drive unit generates a waveform sig-
nal based on every gray level. The pulse width of the
waveform signal relates to the value of the gray level.
The waveform signal is then transmitted to a correspond-
ing pixel to drive the pixel to be displayed.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a drive appa-
ratus for bistable displayer and method thereof, and more
particularly to a drive apparatus for bistable displayer and
method thereof that perform an initialization while updat-
ing a screen.

BACKGROUND OF THE INVENTION

[0002] At present, the application of a thin panel dis-
play becomes increasingly popular and brings tremen-
dous convenience to our life. Besides the thin film tran-
sistor liquid crystal display (TFT-LCD) technology, an
electronic paper display is considered as a new-gener-
ation panel display technology. Compared with the well-
developed TFT-LCD technology, the electronic paper
display adopts the principle of an "electrophoresis" by
injecting electrically charged black or white chemical par-
ticles and solvents between two pieces of transparent
glass or plastic substrates. In the portion of a thin film
that carries negative charges, the positively charged
black particles are attracted to flow and show a black
color. The positively charged portion attracts the nega-
tively charged fluorocarbon flow to show a white color
(such phenomenon is called "electrophoresis" phenom-
enon). Therefore, different potential levels supplied to
different positions of pixels will display different colors to
constitute an image.

[0003] The foregoing display principle has a bistable
feature, because the solvents and charged particles ap-
proximately have the same weight. Even if the electric
field disappears, the charged particles still can be main-
tained at the fixed positions for a specific long period of
time until a next electric field brings up the motions of
electrically charged particles to produce another image.
Therefore, after a display is updated for each time, it does
not need a continuous charging so that the power con-
sumption will be very low. If it is necessary to form a gray
level display, an electric field can be used to control the
charged particles to flow to a certain level to show a gray.
Besides, the charged particles with different colors such
as a red color, a green color or a blue color can be used
to achieve the color display effect. A displayer adopting
the foregoing principle of electrophoresis is called an
electrophoretic display (EPD). Compared with TFT-LCD,
EPD has the advantages of a high contrast, and a wide
viewing angle from 90 degrees to -90 degrees without
requiring components such as a backlight panel, a color
filter and a polarizer, and thus greatly reducing both
weight and cost of the display device.

[0004] However, mosttraditional drive apparatuses for
bistable displayers use a frame buffer structure for re-
cording the pixel data of a previous image, and then the
drive apparatus compares the pixel data of a desired dis-
playing image with the pixel data in the frame buffer and
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calculates the difference of gray levels of every pixel at
the previous image and the desired displaying image,
and then produces a drive signal based on the difference
to drive a corresponding pixel to display the desired dis-
playing image. Although a bistable displayer using this
kind of drive apparatus has a shorter response time, a
more complicated circuit design of the drive apparatus
andrequires additional memories, yet the traditional drive
apparatus is not applicable for applications that do not
require a fast response time such as the applications in
electronic tags.

[0005] In view of the shortcomings of the prior art, the
inventor of the present invention based on years of ex-
perience in the related industry to develop a drive appa-
ratus for a bistable displayer and method thereof to over-
come the shortcomings of the prior art.

SUMMARY OF THE INVENTION

[0006] Therefore,itis aprimary objective of the present
invention is to provide a drive apparatus for a bistable
displayer and method thereof, so that the same pixels
can have the same drive structure for their display.
[0007] A drive apparatus for a bistable displayer in ac-
cordance with the invention is used to drive a bistable
displayer, and the bistable displayer has a plurality of
pixels, and the drive apparatus includes an initialization
unit, a receiving unit and a display drive unit. The initial-
ization unit is provided for producing at least one initial
potential level and transmitting the initial potential level
to all pixels. The receiving unit is provided for receiving
at least one gray level, and the gray levels are used for
displaying the pixels. The display drive unit produces a
waveform signal based on every gray level, and the
waveform signal has a pulse width related to the value
of the gray level, and the display drive unit transmits the
waveform signal to a corresponding pixel to drive the
pixel to be displayed.

[0008] The invention also provides a drive method for
driving a bistable displayer having a plurality of pixels,
and the method comprises the steps of: providing at least
one initial potential level signal to all pixels; receiving a
plurality of gray levels, and every gray level corresponds
to a pixel; producing a waveform signal based on every
gray level, and the waveform signal has a pulse width
related to the value of the gray level; and transmitting the
waveform signal to a corresponding pixel to drive the
pixel to be displayed.

[0009] An advantage of the present invention resides
on that the invention can improve the performance of the
bistable displayer without requiring a complicated drive
structure.

[0010] Another advantage of the present invention is
that the invention can use the same waveform signal if
the target display status is the same, regardless of the
previous display status.

[0011] To make it easier for our examiner to under-
stand the objective of the invention, its structure, innova-
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tive features, and performance, we use a preferred em-
bodiment together with the attached drawings for the de-
tailed description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIG. 1 is a block diagram of a drive apparatus for a
bistable displayer of the present invention;

FIG. 2A is a schematic view of an example of an
initialization signal of the present invention;

FIG. 2B is a schematic view of another example of
an initialization signal of the present invention;

FIG. 3 is a block diagram of a drive apparatus for a
bistable displayer of the present invention;

FIG. 4is aflow chart of a method for driving a bistable
displayer of the present invention; and

FIG. 5is aflow chart of a method of driving a bistable
displayer in accordance with a preferred embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0013] For simplicity, the same symbol or label is used
for the same element for the description of a preferred
embodiment of the drive apparatus for bistable displayer
and method thereof in accordance with the present in-
vention.

[0014] ReferringtoFIG. 1forablock diagram of adrive
apparatus for a bistable displayer in accordance with the
presentinvention, the drive apparatus 1is used for driving
a bistable displayer 11 having a plurality of pixels 10. The
drive apparatus 1 comprises an initialization unit 12, a
receiving unit 13 and a display drive unit 14. The initial-
ization unit 12 produces at least one initial potential level
121 andtransmits the initial potential level 121 to all pixels
10 to drive all pixels 10 to display at least one initial gray
level. The initial gray level could be a black color, a white
color, or any predetermined gray level. The initialization
unit 12 can transmit two successive different initial po-
tential levels to all pixels 10, if needed. The receiving unit
13 receives at least one gray level 15 of the desired dis-
playing image, and every gray level 15 is displayed at
each pixel 10.

[0015] According to the display principle of a bistable
displayer, the longer the time of applying a potential level,
the brighter (or the darker) is the display color of the pixel
10. Therefore, the display drive unit 14 produces a wave-
form signal 16 based on the gray level 15, and the pulse
width of the waveform signal is related to the value of the
gray level, and the display drive unit 14 transmits the
waveform signal 16 to a corresponding pixel 10 to drive
the pixel 10 to be displayed, and an image is formed by
transmitting the waveform signal 16 to all pixels 10. The
image can be maintained for a specific long time until the
screen is updated next time, then initialization unit 12
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produces at least one initial potential level 121 and trans-
mits the initial potential to all pixels 10 to drive all pixels
10 to display an initial gray level, and clears the previous
screen, and then displays a new image based on the
foregoing contents.

[0016] Before the initialization unit 12 provides the in-
itial potential level 121 to the pixel 10, a pulse signal 122
can be produced and provided to the pixel 10 if needed
asshowninFIG. 2 A, andtheinitialization unit 12 provides
a pulse signal 122 and an initial potential level 121 to all
pixels 10 for the initialization. By switching different volt-
ages of the pulse signal 122, the charged particles in the
bistable displayer will be vibrated to get a better effect
for displaying the initial gray level at the next step. Fur-
ther, the waveform of the pulse signal 122 may vary ac-
cording to actual needs as shown in FIG. 2B. If Vrefis a
zero potential, then the waveform of the pulse signal 123
switched between Vmax and Vmin includes at least one
zero potential level component 124. In addition to driving
the electrically charged particles to vibrate, the pulse sig-
nal also can eliminate the net DC value remained in the
pixel. In the pulse signals 122, 123, a preferable differ-
ence between Vmax and Vref is equal or close to the
difference between Vmin and Vref as shown in the fol-
lowing equation:

Vmax — Vref >= Vref —Vmin

[0017] The foregoing bistable displayer is an electro-
phoretic display (EPD) or a bistable liquid crystal display
screen. The pixel 10 preferably includes at least one thin
film transistor (TFT).

[0018] Referringto FIG. 3forablock diagram of adrive
apparatus for a bistable displayer of the present inven-
tion, the drive apparatus 3 is used for driving an electro-
phoretic display 30. The electrophoretic display 30 in-
cludes a plurality of pixel units 31 arranged in a matrix
form. Each pixel unit 31 has atleast one thin film transistor
32, a storage capacitor 33 and an electrophoretic display
unit 34. A gate of the thin film transistor 32 is electrically
coupled to a gate line 301, and a source of the thin film
transistor 32 is electrically coupled to a source line 302.
An end of the storage capacitor 33 and an end of the
electrophoretic display unit 34 are electrically coupled to
a drain of the thin film transistor 32, and another end of
the storage capacitor 33 and another end of the electro-
phoretic display unit 34 are electrically coupled to a volt-
age source Vref. The gate line receives a pulse signal
303 for controlling an ON state or an OFF state of the
thin film transistors in the same row. In the ON state, the
electrophoretic display unit 34 can receive an initializa-
tion signal 382 transmitted from the source line 302 for
the initialization and a waveform signal 381 for the dis-
play.

[0019] The drive apparatus 3 comprises a receiving
unit 37, a display drive unit 36 and an initialization unit
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35. If a user wants to update a screen of the electro-
phoretic display, the initialization unit will produce an in-
itialization signal 382 having a pulse component and an
initial voltage component (as shown in FIG. 2B) and
transmitting the initialization signal 382 to the pixel unit
31through the source line, and the pulse component can
drive the electrically charged particles of the electro-
phoretic display unit to vibrate, and the initial potential
level component can drive all electrophoretic display
units to display an initial gray level.

[0020] Then, the receiving unit 37 receives a gray level
data 39 of auser’s desired displaying image and converts
each gray level data 39 into a waveform signal 381
through the display drive unit 36, and the pulse width of
the waveform signal 381 is directly or inversely propor-
tional to the value of the gray level. If the pulse width of
the waveform signal 381 is directly proportional to the
value of the gray level, it means that the higher the value
ofthe gray level, the longer is the pulse width of the wave-
form signal 381. For example, the pulse width of the
waveform signal of the value 250 of the gray level is great-
er than the pulse width of the waveform signal of the
value 150 of the gray level. Regardless of the previous
display gray level of this pixel, the display drive unit 36
produces the waveform signals with the same pulse width
based on the same value of the gray level.

[0021] Referring to FIG. 4 for a flow chart of a drive
method for driving a bistable displayer, the method is
provided for driving a bistable displayer having a plurality
of pixels, and the method comprises the steps of:

Step 41: providing at least one initial potential level
signal to all pixels;

Step 42: receiving a plurality of gray levels, and each
gray level is displayed at every pixel;

Step 43: producing a waveform signal based on the
gray level, and its pulse width is related to the value
of the gray level; and

Step 44: transmitting the waveform signal to a cor-
responding pixel to drive the pixel to be displayed.

[0022] Referring to FIG. 5 for a flow chart of a method
of driving bistable displayer in accordance with a pre-
ferred embodiment of the present invention, the method
is provided for driving a stable electrophoretic display
having a plurality of pixels as shown in FIG. 3, and the
method comprises the steps of:

Step 51: using an initialization unit 35 to produce an
initialization signal 382, and transmitting the initiali-
zation signal 382 to a source of a thin film transistor
32 of all pixel units 31 through a source line 302, and
this initialization signal 382 includes a pulse compo-
nent and an initial potential level component;

Step 52: providing a pulse signal 303, and transmit-
ting the pulse signal 303 to a gate of all thin film
transistors 32 through a gate line 301 to control all
thin film transistors 32 to enter into an ON state to
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perform an initialization;

Step 53: using a receiving unit 37 to receive a gray
level data 39 of the desired displaying image;

Step 54: producing a corresponding waveform signal
381 based on the value of every gray level data 39,
and the pulse width of the waveform signal 381 is
directly or inversely proportional to the value of the
corresponding gray level data 39; and

Step 55: transmitting all waveform signals 381 to a
source of a thin film transistor 32 of the correspond-
ing pixel unit 31 through a source line 302, and con-
trolling all thin film transistors 32 to enter into an ON
state, such that every electrophoretic display unit 34
receives the corresponding waveform signal 381 for
performing the display.

[0023] While the invention has been described by way
of example and in terms of a preferred embodiment, it is
to be understood that the invention is not limited thereto.
To the contrary, it is intended to cover various modifica-
tions and similar arrangements and procedures, and the
scope of the appended claims therefore should be ac-
corded the broadest interpretation so as to encompass
all such modifications and similar arrangements and pro-
cedures.

[0024] The featuresin the foregoing description, in the
claims and/or in the accompanying drawings may, both
and in any combination thereof, be material for realising
the invention in diverse forms thereof.

Claims

1. A drive apparatus for driving a bistable displayer,
and said bistable displayer having a plurality of pix-
els, and said drive apparatus comprising:

an initialization unit, for producing at least one
initial potential level and transmitting said initial
potential level to all of said pixels;

a receiving unit, for receiving at least one gray
level; and

a display drive unit, for producing a waveform
signal based on said gray level, and said wave-
form signal has a pulse width related to the value
of said gray level, and said display drive unit
transmits said waveform signal to a correspond-
ing pixel to drive said pixel to be displayed.

2. Thedrive apparatus of claim 1, wherein said bistable
displayer is an electrophoretic display (EPD) or a
bistable liquid crystal display screen.

3. The drive apparatus of claim 1, wherein said initial-
ization unit produces a pulse signal to be sent to said

pixels prior to said initial potential level.

4. The drive apparatus of claim 3, wherein said pulse
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signal includes at least one zero potential compo-
nent.

The drive apparatus of claim 1, wherein said each
pixel includes at least one thin film transistor (TFT).

The drive apparatus of claim 1, wherein said wave-
form signal has a pulse width directly or inversely
proportional to the value of said gray level.

A drive method for driving a bistable displayer, and
said bistable displayer having a plurality of pixels,
and said method comprising the steps of:

providing at least one initial potential level signal
to all of said pixels;

receiving at least one gray level;

producing a waveform signal based on every
gray level, and said waveform signal has a pulse
width related to the value of said gray level; and
transmitting said waveform signal to a corre-
sponding pixel to drive said pixel to be displayed.

The drive method of claim 7, wherein said bistable
displayer is an electrophoretic display (ESD) or a
bistable liquid crystal display screen.

The drive method of claim 7, further comprising a
step of providing a pulse signal to all of said pixels
prior to said initial potential level.

The drive method of claim 9, wherein said pulse sig-
nal includes at least one zero potential component.

The drive method of claim 7, wherein said each pixel
includes at least one thin film transistor.

The drive method of claim 7, wherein said waveform
signal has a pulse width directly or inversely propor-
tional to the value of said gray level.
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