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A color display device in which each pixel can display four 
high - quality color states . More specifically , an electropho 
retic fluid is provided which comprises four types of par 
tic dispersed in a solvent or solvent mixture , wherein 
each type of particle has a different charge profile ( polarity 
and magnitude ) and a different optical characteristic . When 
driven with a two - step process , the particles of lower charge 
magnitude can be driven to the viewing surface while the 
particles with higher charge magnitude are not viewable at 
the viewing surface . 
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ELECTROPHORETIC DISPLAY INCLUDING 
FOUR PARTICLES WITH DIFFERENT 

CHARGES AND OPTICAL 
CHARACTERISTICS 

RELATED APPLICATIONS 
[ 0001 ] This application is a continuation of U.S. patent 
application Ser . No. 16 / 181,946 , filed Nov. 6 , 2018 , pub 
lished as U.S. Patent Publication No. 2019/0073966 , which 
is a continuation of U.S. patent application Ser . No. 15/724 , 
718 , filed Oct. 4 , 2017 , now U.S. Pat . No. 10,147,366 , issued 
Dec. 4 , 2018 , which is a continuation - in - part of U.S. patent 
application Ser . No. 14 / 939,666 , filed Nov. 12 , 2015 , now 
U.S. Pat . No. 9,812,073 , issued Nov. 7 , 2017 , which claims 
priority to U.S. Provisional Application No. 62 / 080,845 , 
filed Nov. 17 , 2014. The contents of all patents and patent 
applications recited in this application are incorporated 
herein by reference in their entireties . 

FIELD OF THE INVENTION 

[ 0002 ] The present invention is directed to driving meth 
ods for a color display device in which each pixel can 
display four high - quality color states . 

BACKGROUND OF THE INVENTION 

[ 0003 ] In order to achieve a color display , color filters are 
often used . The most common approach is to add color filters 
on top of black / white sub - pixels of a pixelated display to 
display the red , green and blue colors . When a red color is 
desired , the green and blue sub - pixels are turned to the black 
state so that the only color displayed is red . When a blue 
color is desired , the green and red sub - pixels are turned to 
the black state so that the only color displayed is blue . When 
a green color is desired , the red and blue sub - pixels are 
turned to the black state so that the only color displayed is 
green . When the black state is desired , all three - sub - pixels 
are turned to the black state . When the white state is desired , 
the three sub - pixels are turned to red , green and blue , 
respectively , and as a result , a white state is seen by the 
viewer . 
[ 0004 ] The biggest disadvantage of such a technique is 
that since each of the sub - pixels has a reflectance of about 
one third of the desired white state , the white state is fairly 
dim . To compensate this , a fourth sub - pixel may be added 
which can display only the black and white states , so that the 
white level is doubled at the expense of the red , green or blue 
color level ( where each sub - pixel is only one fourth of the 
area of the pixel ) . Even with this approach , the white level 
is normally substantially less than half of that of a black and 
white display , rendering it an unacceptable choice for dis 
play devices , such as e - readers or displays that need well 
readable black - white brightness and contrast . 

[ 0006 ] ( a ) the four types of pigment particles have 
optical characteristics differing from one another ; 

[ 0007 ] ( b ) the first type of particles carry high positive 
charge and the second type of particles carry high 
negative charge ; and 

[ 0008 ] ( c ) the third type of particles carry low positive 
charge and the fourth type of particles carry low 
negative charge , 

the method comprises the following steps : 
[ 0009 ] ( i ) applying a first driving voltage to a pixel in 

the electrophoretic display for a first period of time to 
drive the pixel towards the color state of the first or 
second type of particles at the viewing side ; and 

[ 0010 ] ( ii ) applying a second driving voltage to the 
pixel for a second period of time , wherein the second 
driving voltage has polarity opposite that of the first 
driving voltage and an amplitude lower than that of the 
first driving voltage , to drive the pixel from the color 
state of the first type of particles towards the color state 
of the fourth type of particles or from the color state of 
the second type of particle towards the color state of the 
third type of particles , at the viewing side . 

[ 0011 ] A second aspect of the present invention is directed 
to a driving method for an electrophoretic display compris 
ing a first surface on the viewing side , a second surface on 
the non - viewing side and an electrophoretic fluid which fluid 
is sandwiched between a common electrode and a layer of 
pixel electrodes and comprises a first type of particles , a 
second type of particles , a third type of particles and a fourth 
type of particles , all of which are dispersed in a solvent or 
solvent mixture , wherein 

[ 0012 ] ( a ) the four types of pigment particles have 
optical characteristics differing from one another ; 

[ 0013 ] ( b ) the first type of particles carry high positive 
charge and the second type of particles carry high 
negative charge ; and 

[ 0014 ] ( c ) the third type of particles carry low positive 
charge and the fourth type of particles carry low 
negative charge , 

the method comprises the following steps : 
[ 0015 ] ( i ) applying a first driving voltage to a pixel in 

the electrophoretic display for a first period of time to 
drive the pixel towards the color state of the first or 
second type of particles at the viewing side ; 

[ 0016 ] ( ii ) applying a second driving voltage to the 
pixel for a second period of time , wherein the second 
period of time is greater than the first period of time , the 
second driving voltage has polarity opposite that of the 
first driving voltage and the second driving voltage has 
an amplitude lower than that of the first driving voltage , 
to drive the pixel from the color state of the first type 
of particles towards the color state of the fourth type of 
particles or from the color state of the second type of 
particle towards the color state of the third type of 
particles , at the viewing side ; and 

repeating steps ( i ) and ( ii ) . 
[ 0017 ] A third aspect of the present invention is directed to 
a driving method for an electrophoretic display comprising 
a first surface on the viewing side , a second surface on the 
non - viewing side and an electrophoretic fluid which fluid is 
sandwiched between a common electrode and a layer of 
pixel electrodes and comprises a first type of particles , a 

SUMMARY OF THE INVENTION 

[ 0005 ] A first aspect of the present invention is directed to 
a driving method for an electrophoretic display comprising 
a first surface on the viewing side , a second surface on the 
non - viewing side and an electrophoretic fluid which fluid is 
sandwiched between a common electrode and a layer of 
pixel electrodes and comprises a first type of particles , a 
second type of particles , a third type of particles and a fourth 
type of particles , all of which are dispersed in a solvent or 
solvent mixture , wherein 
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[ 0031 ] ( iv ) applying no driving voltage to the pixel for 
a fourth period of time ; and repeating steps ( i ) - ( iv ) . 

[ 0032 ] The fourth aspect of the present invention may 
further comprise the following steps : 

[ 0033 ] ( v ) applying a third driving voltage to the pixel 
for a fifth period of time , wherein the third driving 
voltage has polarity same as that of the first driving 
voltage ; 

[ 0034 ] ( vi ) applying a fourth driving voltage to the pixel 
for a sixth period of time , wherein the fifth period of 
time is shorter than the sixth period of time and the 
fourth driving voltage has polarity opposite that of the 
first driving voltage to drive the pixel from the color 
state of the first type of particles towards the color state 
of the fourth type of particles or from the color state of 
the second type of particles towards the color state of 
the third type of particles , at the viewing side ; 

[ 0035 ] ( vii ) applying no driving voltage for a seventh 
period of time ; and repeating steps ( V ) - ( vii ) . 
BRIEF DESCRIPTION OF THE DRAWINGS 

second type of particles , a third type of particles and a fourth 
type of particles , all of which are dispersed in a solvent or 
solvent mixture , wherein 

[ 0018 ] ( a ) the four types of pigment particles have 
optical characteristics differing from one another ; 

[ 0019 ] ( b ) the first type of particles carry high positive 
charge and the second type of particles carry high 
negative charge ; and 

[ 0020 ] ( c ) the third type of particles carry low positive 
charge and the fourth type of particles carry low 
negative charge , 

the method comprises the following steps : 
[ 0021 ] ( i ) applying a first driving voltage to a pixel in 

the electrophoretic display for a first period of time to 
drive the pixel towards the color state of the first type 
or second type of particles at the viewing side ; 

[ 0022 ] ( ii ) applying a second driving voltage to the 
pixel for a second period of time , wherein the second 
period of time is greater than the first period of time , the 
second driving voltage has polarity opposite that of the 
first driving voltage and the second driving voltage has 
an amplitude lower than that of the first driving voltage , 
to drive the pixel from the color state of the first type 
of particles towards the color state of the fourth type of 
particles or from the color state of the second type of 
particle towards the color state of the third type of 
particles , at the viewing side ; 

[ 0023 ] ( iii ) applying no driving voltage to the pixel for 
a third period of time ; and repeating steps ( i ) - ( iii ) . 

[ 0024 ] A fourth aspect of the present invention is directed 
to a driving method for an electrophoretic display compris 
ing a first surface on the viewing side , a second surface on 
the non - viewing side and an electrophoretic fluid which fluid 
is sandwiched between a common electrode and a layer of 
pixel electrodes and comprises a first type of particles , a 
second type of particles , a third type of particles and a fourth 
type of particles , all of which are dispersed in a solvent or 
solvent mixture , wherein 

[ 0025 ] ( a ) the four types of pigment particles have 
optical characteristics differing from one another ; 

[ 0026 ] ( b ) the first type of particles carry high positive 
charge and the second type of particles carry high 
negative charge ; and 

[ 0027 ] ( c ) the third type of particles carry low positive 
charge and the fourth type of particles carry low 
negative charge , 

the method comprises the following steps : 
[ 0028 ] ( i ) applying a first driving voltage to a pixel in 

the electrophoretic display for a first period of time to 
drive the pixel towards the color state of the first or 
second type of particles at the viewing side ; 

[ 0029 ] ( ii ) applying no driving voltage to the pixel for 
a second period of time ; 

[ 0030 ] ( iii ) applying a second driving voltage to the 
pixel for a third period of time , wherein the third period 
of time is greater than the first period of time , the 
second driving voltage has polarity opposite that of the 
first driving voltage and the second driving voltage has 
an amplitude lower than that of the first driving voltage , 
to drive the pixel from the color state of the first type 
of particles towards the color state of the fourth type of 
particles or from the color state of the second type of 
particles towards the color state of the third type of 
particles , at the viewing side ; 

[ 0036 ] FIG . 1 depicts a display layer capable of displaying 
four different color states . 
[ 0037 ] FIGS . 2-1 to 2-3 illustrate an example of the 
present invention . 
[ 0038 ] FIG . 3 shows a shaking waveform which may be 
incorporated into the driving methods . 
[ 0039 ] FIGS . 4 and 5 illustrate the first driving method of 
the present invention . 
[ 0040 ] FIGS . 6 and 9 illustrate the second driving method 
of the present invention . 
[ 0041 ] FIGS . 7 , 8 , 10 and 11 show driving sequences 
utilizing the second driving method of the present invention . 
[ 0042 ] FIGS . 12 and 15 illustrate the third driving method 
of the present invention . 
[ 0043 ] FIGS . 13 , 14 , 16 and 17 show driving sequences 
utilizing the third driving method of the present invention . 
[ 0044 ] FIGS . 18 and 21 illustrate the fourth driving 
method of the present invention . 
[ 0045 ] FIGS . 19 , 20 , 22 and 23 show driving sequences 
utilizing the fourth driving method of the present invention . 
[ 0046 ] FIGS . 24 and 27 illustrate the fifth driving method 
of the present invention . 
[ 0047 ] FIGS . 25 , 26 , 28 and 29 show driving sequences 
utilizing the fifth driving method of the present invention . 
[ 0048 ] FIG . 30 illustrates a driving method of the present 
invention . 
[ 0049 ] FIG . 31 illustrates an alternative driving method of 
the present invention . 

DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0050 ] The electrophoretic fluid related to the present 
invention comprises two pairs of oppositely charged par 
ticles . The first pair consists of a first type of positive 
particles and a first type of negative particles and the second 
pair consists of a second type of positive particles and a 
second type of negative particles . 
[ 0051 ] In the two pairs of oppositely charged particles , one 
pair carries a stronger charge than the other pair . Therefore 
the four types of particles may also be referred to as high 
positive particles , high negative particles , low positive par 
ticles and low negative particles . 
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[ 0052 ] As an example shown in FIG . 1 , the black particles 
( K ) and yellow particles ( Y ) are the first pair of oppositely 
charged particles , and in this pair , the black particles are the 
high positive particles and the yellow particles are the high 
negative particles . The red particles ( R ) and the white 
particles ( W ) are the second pair of oppositely charged 
particles , and in this pair , the red particles are the low 
positive particles and the white particles are the low negative 
particles . 
[ 0053 ] In another example not shown , the black particles 
may be the high positive particles ; the yellow particles may 
be the low positive particles ; the white particles may be the 
low negative particles and the red particles may be the high 
negative particles . 
[ 0054 ] In addition , the color states of the four types of 
particles may be intentionally mixed . For example , because 
yellow pigment by nature often has a greenish tint and if a 
better yellow color state is desired , yellow particles and red 
particles may be used where both types of particles carry the 
same charge polarity and the yellow particles are higher 
charged than the red particles . As a result , at the yellow state , 
there will be a small amount of the red particles mixed with 
the greenish yellow particles to cause the yellow state to 
have better color purity . 
[ 0055 ] It is understood that the scope of the invention 
broadly encompasses particles of any colors as long as the 
four types of particles have visually distinguishable colors . 
[ 0056 ] For the white particles , they may be formed from 
an inorganic pigment , such as TiO2 , ZrO2 , ZnO , A1203 , 
Sb2O3 , BaSO4 , PbSO4 or the like . 
[ 0057 ] For the black particles , they may be formed from 
Cl pigment black 26 or 28 or the like ( e.g. , manganese ferrite 
black spinel or copper chromite black spinel ) or carbon 
black . 
[ 0058 ] Particles of non - white and non - black colors are 
independently of a color , such as , red , green , blue , magenta , 
cyan or yellow . The pigments for color particles may 
include , but are not limited to , CI pigment PR 254 , PR122 , 
PR149 , PG36 , PG58 , PG7 , PB28 , PB15 : 3 , PY83 , PY138 , 
PY150 , PY155 or PY20 . Those are commonly used organic 
pigments described in color index handbooks , “ New Pig 
ment Application Technology " ( CMC Publishing Co , Ltd , 
1986 ) and “ Printing Ink Technology ” ( CMC Publishing Co , 
Ltd , 1984 ) . Specific examples include Clariant Hostaperm 
Red D3G 70 - EDS , Hostaperm Pink E - EDS , PV fast red 
D3G , Hostaperm red D3G 70 , Hostaperm Blue B2G - EDS , 
Hostaperm Yellow H4G - EDS , Novoperm Yellow HR - 70 
EDS , Hostaperm Green GNX , BASF Irgazine red L 3630 , 
Cinquasia Red L 4100 HD , and Irgazin Red L 3660 HD ; Sun 
Chemical phthalocyanine blue , phthalocyanine green , dia 
rylide yellow or diarylide AAOT yellow . 
[ 0059 ] The color particles may also be inorganic pig 
ments , such as red , green , blue and yellow . Examples may 
include , but are not limited to , CI pigment blue 28 , CI 
pigment green 50 and CI pigment yellow 227 . 
[ 0060 ] In addition to the colors , the four types of particles 
may have other distinct optical characteristics , such as 
optical transmission , reflectance , luminescence or , in the 
case of displays intended for machine reading , pseudo - color 
in the sense of a change in reflectance of electromagnetic 
wavelengths outside the visible range . 
[ 0061 ] A display layer utilizing the display fluid of the 
present invention has two surfaces , a first surface ( 13 ) on the 
viewing side and a second surface ( 14 ) on the opposite side 

of the first surface ( 13 ) . The display fluid is sandwiched 
between the two surfaces . On the side of the first surface 
( 13 ) , there is a common electrode ( 11 ) which is a transparent 
electrode layer ( e.g. , ITO ) , spreading over the entire top of 
the display layer . On the side of the second surface ( 14 ) , 
there is an electrode layer ( 12 ) which comprises a plurality 
of pixel electrodes ( 12a ) . 
[ 0062 ] The pixel electrodes are described in U.S. Pat . No. 
7,046,228 , the content of which is incorporated herein by 
reference in its entirety . It is noted that while active matrix 
driving with a thin film transistor ( TFT ) backplane is men 
tioned for the layer of pixel electrodes , the scope of the 
present invention encompasses other types of electrode 
addressing as long as the electrodes serve the desired 
functions . 
[ 0063 ] Each space between two dotted vertical lines in 
FIG . 1 denotes a pixel . As shown , each pixel has a corre 
sponding pixel electrode . An electric field is created for a 
pixel by the potential difference between a voltage applied 
to the common electrode and a voltage applied to the 
corresponding pixel electrode . 
[ 0064 ] The solvent in which the four types of particles are 
dispersed is clear and colorless . It preferably has a low 
viscosity and a dielectric constant in the range of about 2 to 
about 30 , preferably about 2 to about 15 for high particle 
mobility . Examples of suitable dielectric solvent include 
hydrocarbons such as Isopar® , decahydronaphthalene 
( DECALIN ) , 5 - ethylidene - 2 - norbornene , fatty oils , paraffin 
oil , silicon fluids , aromatic hydrocarbons such as toluene , 
xylene , phenylxylylethane , dodecylbenzene or alkylnaph 
thalene , halogenated solvents such as perfluorodecalin , per 
fluorotoluene , perfluoroxylene , dichlorobenzotrifluoride , 
3,4,5 - trichlorobenzotri fluoride , chloropentafluoro - benzene , 
dichlorononane or pentachlorobenzene , and perfluorinated 
solvents such as FC - 43 , FC - 70 or FC - 5060 from 3M Com 
pany , St. Paul Minn . , low molecular weight halogen con 
taining polymers such as poly ( perfluoropropylene oxide ) 
from TCI America , Portland , Oreg . , poly ( chlorotrifluoro 
ethylene ) such as Halocarbon Oils from Halocarbon Product 
Corp. , River Edge , N.J. , perfluoropolyalkylether such as 
Galden from Ausimont or Krytox Oils and Greases K - Fluid 
Series from DuPont , Del . , polydimethylsiloxane based sili 
cone oil from Dow - corning ( DC - 200 ) . 
[ 0065 ] In one embodiment , the charge carried by the “ low 
charge ” particles may be less than about 50 % , preferably 
about 5 % to about 30 % , of the charge carried by the “ high 
charge ” particles . In another embodiment , the “ low charge ” 
particles may be less than about 75 % , or about 15 % to about 
55 % , of the charge carried by the “ high charge ” particles . In 
a further embodiment , the comparison of the charge levels as 
indicated applies to two types of particles having the same 
charge polarity . 
[ 0066 ] The charge intensity may be measured in terms of 
zeta potential . In one embodiment , the zeta potential is 
determined by Colloidal Dynamics AcoustoSizer IIM with a 
CSPU - 100 signal processing unit , ESA EN # Attn flow 
through cell ( K : 127 ) . The instrument constants , such as 
density of the solvent used in the sample , dielectric constant 
of the solvent , speed of sound in the solvent , viscosity of the 
solvent , all of which at the testing temperature ( 25º C. ) are 
entered before testing . Pigment samples are dispersed in the 
solvent ( which is usually a hydrocarbon fluid having less 
than 12 carbon atoms ) , and diluted to be 5-10 % by weight . 
The sample also contains a charge control agent ( Solsperse 
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17000® , available from Lubrizol Corporation , a Berkshire 
Hathaway company ; " Solsperse " is a Registered Trade 
Mark ) , with a weight ratio of 1:10 of the charge control 
agent to the particles . The mass of the diluted sample is 
determined and the sample is then loaded into the flow 
through cell for determination of the zeta potential . 
[ 0067 ] The amplitudes of the " high positive " particles and 
the “ high negative ” particles may be the same or different . 
Likewise , the amplitudes of the “ low positive ” particles and 
the “ low negative ” particles may be the same or different . 
[ 0068 ] It is also noted that in the same fluid , the two pairs 
of high - low charge particles may have different levels of 
charge differentials . For example , in one pair , the low 
positive charged particles may have a charge intensity which 
is 30 % of the charge intensity of the high positive charged 
particles and in another pair , the low negative charged 
particles may have a charge intensity which is 50 % of the 
charge intensity of the high negative charged particles . 
[ 0069 ] The following is an example illustrating a display 
device utilizing such a display fluid . 

Example 
[ 0070 ] This example is demonstrated in FIG . 2. The high 
positive particles are of a black color ( K ) ; the high negative 
particles are of a yellow color ( Y ) ; the low positive particles 
are of a red color ( R ) ; and the low negative particles are of 
a white color ( W ) . 
[ 0071 ] In FIG . 2 ( a ) , when a high negative voltage poten 
tial difference ( e.g. , -15V ) is applied to a pixel for a time 
period of sufficient length , an electric field is generated to 
cause the yellow particles ( Y ) to be pushed to the common 
electrode ( 21 ) side and the black particles ( K ) pulled to the 
pixel electrode ( 22a ) side . The red ( R ) and white ( W ) 
particles , because they carry weaker charges , move slower 
than the higher charged black and yellow particles and as a 
result , they stay in the middle of the pixel , with white 
particles above the red particles . In this case , a yellow color 
is seen at the viewing side . 
[ 0072 ] In FIG . 2 ( b ) , when a high positive voltage potential 
difference ( e.g. , + 15V ) is applied to the pixel for a time 
period of sufficient length , an electric field of an opposite 
polarity is generated which causes the particle distribution to 
be opposite of that shown in FIG . 2 ( a ) and as a result , a black 
color is seen at the viewing side . 
[ 0073 ] In FIG . 2 ( c ) , when a lower positive voltage poten 
tial difference ( e.g. , + 3V ) is applied to the pixel of FIG . 2 ( a ) 
( that is , driven from the yellow state ) for a time period of 
sufficient length , an electric field is generated to cause the 
yellow particles ( Y ) to move towards the pixel electrode 
( 22a ) while the black particles ( K ) move towards the com 
mon electrode ( 21 ) . However , when they meet in the middle 
of the pixel , they slow down significantly and remain there 
because the electric field generated by the low driving 
voltage is not strong enough to overcome the strong attrac 
tion between them . On the other hand , the electric field 
generated by the low driving voltage is sufficient to separate 
the weaker charged white and red particles to cause the low 
positive red particles ( R ) to move all the way to the common 
electrode ( 21 ) side ( i.e. , the viewing side ) and the low 
negative white particles ( W ) to move to the pixel electrode 
( 22a ) side . As a result , a red color is seen . It is also noted that 
in this figure , there are also attraction forces between weaker 
charged particles ( e.g. , R ) with stronger charged particles of 
opposite polarity ( e.g. , Y ) . However , these attraction forces 

are not as strong as the attraction force between two types of 
stronger charged particles ( K and Y ) and therefore they can 
be overcome by the electric field generated by the low 
driving voltage . In other words , weaker charged particles 
and the stronger charged particles of opposite polarity can be 
separated . 
[ 0074 ] In FIG . 2 ( d ) , when a lower negative voltage poten 
tial difference ( e.g. , -3V ) is applied to the pixel of FIG . 2 ( b ) 
( that is , driven from the black state ) for a time period of 
sufficient length , an electric field is generated which causes 
the black particles ( K ) to move towards the pixel electrode 
( 22a ) while the yellow particles ( Y ) move towards the 
common electrode ( 21 ) . When the black and yellow particles 
meet in the middle of the pixel , they slow down significantly 
and remain there because the electric field generated by the 
low driving voltage is not sufficient to overcome the strong 
attraction between them . At the same time , the electric field 
generated by the low driving voltage is sufficient to separate 
the white and red particles to cause the low negative white 
particles ( W ) to move all the way to the common electrode 
side ( i.e. , the viewing side ) and the low positive red particles 
( R ) move to the pixel electrode side . As a result , a white 
color is seen . It is also noted that in this figure , there are also 
attraction forces between weaker charged particles ( e.g. , W ) 
with stronger charged particles of opposite polarity ( e.g. , K ) . 
However , these attraction forces are not as strong as the 
attraction force between two types of stronger charged 
particles ( K and Y ) and therefore they can be overcome by 
the electric field generated by the low driving voltage . In 
other words , weaker charged particles and the stronger 
charged particles of opposite polarity can be separated . 
[ 0075 ] Although in this example , the black particles ( K ) is 
demonstrated to carry a high positive charge , the yellow 
particles ( Y ) to carry a high negative charge , the red ( R ) 
particles to carry a low positive charge and the white 
particles ( W ) to carry a low negative charge , in practice , the 
particles carry a high positive charge , or a high negative 
charge , or a low positive charge or a low negative charge 
may be of any colors . All of these variations are intended to 
be within the scope of this application . 
[ 0076 ] It is also noted that the lower voltage potential 
difference applied to reach the color states in FIGS . 2 ( c ) and 
2 ( d ) may be about 5 % to about 50 % of the full driving 
voltage potential difference required to drive the pixel from 
the color state of high positive particles to the color state of 
the high negative particles , or vice versa . 
[ 0077 ] The electrophoretic fluid as described above is 
filled in display cells . The display cells may be cup - like 
microcells as described in U.S. Pat . No. 6,930,818 , the 
content of which is incorporated herein by reference in its 
entirety . The display cells may also be other types of 
micro - containers , such as microcapsules , microchannels or 
equivalents , regardless of their shapes or sizes . All of these 
are within the scope of the present application . 
[ 0078 ] In order to ensure both color brightness and color 
purity , a shaking waveform , prior to driving from one color 
state to another color state , may be used . The shaking 
waveform consists of repeating a pair of opposite driving 
pulses for many cycles . For example , the shaking waveform 
may consist of a + 15V pulse for 20 msec and a -15V pulse 
for 20 msec and such a pair of pulses is repeated for 50 
times . The total time of such a shaking waveform would be 
2000 msec ( see FIG . 3 ) . 
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[ 0079 ] In practice , there may be at least 10 repetitions ( i.e. , 
ten pairs of positive and negative pulses ) . 
[ 0080 ] The shaking waveform may be applied regardless 
of the optical state ( black , white , red or yellow ) before a 
driving voltage is applied . After the shaking waveform is 
applied , the optical state would not be a pure white , pure 
black , pure yellow or pure red . Instead , the color state would 
be from a mixture of the four types of pigment particles . 
[ 0081 ] Each of the driving pulse in the shaking waveform 
is applied for not exceeding 50 % ( or not exceeding 30 % , 
10 % or 5 % ) of the driving time required from the full black 
state to the full yellow state , or vice versa , in the example . 
For example , if it takes 300 msec to drive a display device 
from a full black state to a full yellow state , or vice versa , 
the shaking waveform may consist of positive and negative 
pulses , each applied for not more than 150 msec . In practice , 
it is preferred that the pulses are shorter . 
[ 0082 ] The shaking waveform as described may be used in 
the driving methods of the present invention . 
[ 0083 ] It is noted that in all of the drawings throughout this 
application , the shaking waveform is abbreviated ( i.e. , the 
number of pulses is fewer than the actual number ) . 
[ 0084 ] In addition , in the context of the present applica 
tion , a high driving voltage ( Vai or VH2 ) is defined as a 
driving voltage which is sufficient to drive a pixel from the 
color state of high positive particles to the color state of high 
negative particles , or vice versa ( see FIGS . 2a and 26 ) . In 
this scenario as described , a low driving voltage ( Vl? or VL2 ) 
is defined as a driving voltage which may be sufficient to 
drive a pixel to the color state of weaker charged particles 
from the color state of higher charged particles ( see FIGS . 2c 
and 2d ) . 
[ 0085 ] In general , the amplitude of V. ( e.g. , V , or V22 ) is 
less than 50 % , or preferably less than 40 % , of the amplitude 
of V. ( e.g. , Vu or VH2 ) . 

drive the pixel towards a black state after a shaking wave 
form . From the black state , the pixel may be driven towards 
the white state by applying a low negative voltage ( VL2 , e.g. , 
-5V ) for a period of t6 ( that is , driving the pixel from FIG . 
2b to FIG . 2d ) . The driving period t5 is a time period 
sufficient to drive a pixel to the black state when V is 
applied and the driving period t6 is a time period sufficient 
to drive the pixel to the white state from the black state when 
VL2 is applied . A driving voltage is preferably applied for a 
period of t4 before the shaking waveform to ensure DC 
balance . 
[ 0088 ] The entire waveform of FIG . 4 is DC balanced . In 
another embodiment , the entire waveform of FIG . 5 is DC 
balanced . 
[ 0089 ] The first driving method may be summarized as 
follows : 
[ 0090 ] A driving method for an electrophoretic display 
comprising a first surface on the viewing side , a second 
surface on the non - viewing side and an electrophoretic fluid 
which fluid is sandwiched between a common electrode and 
a layer of pixel electrodes and comprises a first type of 
particles , a second type of particles , a third type of particles 
and a fourth type of particles , all of which are dispersed in 
a solvent or solvent mixture , wherein 

[ 0091 ] ( a ) the four types of pigment particles have 
optical characteristics differing from one another ; 

[ 0092 ] ( b ) the first type of particles carry high positive 
charge and the second type of particles carry high 
negative charge ; and 

[ 0093 ] ( c ) the third type of particles carry low positive 
charge and the fourth type of particles carry low 
negative charge , 

the method comprises the following steps : 
[ 0094 ] ( i ) applying a first driving voltage to a pixel in 

the electrophoretic display for a first period of time to 
drive the pixel towards the color state of the first or 
second type of particles at the viewing side ; and 

[ 0095 ] ( ii ) applying a second driving voltage to the 
pixel for a second period of time , wherein the second 
driving voltage has polarity opposite that of the first 
driving voltage and an amplitude lower than that of the 
first driving voltage , to drive the pixel from the color 
state of the first type of particles towards the color state 
of the fourth type of particles or from the color state of 
the second type of particle towards the color state of the 
third type of particles , at the viewing side . 

The First Driving Method : 

Part A : 

[ 0086 ] FIG . 4 illustrates a driving method to drive a pixel 
from a yellow color state ( high negative ) to a red color state 
( low positive ) . In this method , a high negative driving 
voltage ( VH2 , e.g. , -15V ) is applied for a period of t2 , to 
drive the pixel towards a yellow state after a shaking 
waveform . From the yellow state , the pixel may be driven 
towards the red state by applying a low positive voltage 
( VII , e.g. , + 5V ) for a period of t3 ( that is , driving the pixel 
from FIG . 2a to FIG . 2c ) . The driving period t2 is a time 
period sufficient to drive a pixel to the yellow state when 
V is applied and the driving period t3 is a time period 
sufficient to drive the pixel to the red state from the yellow 
state when VII is applied . A driving voltage is preferably 
applied for a period of t1 before the shaking waveform to 
ensure DC balance . The term “ DC balance ” , throughout this 
application , is intended to mean that the driving voltages 
applied to a pixel is substantially zero when integrated over 
a period of time ( e.g. , the period of an entire waveform ) . 

The Second Driving Method : 
H2 Part A : 

[ 0096 ] The second driving method of the present invention 
is illustrated in FIG . 6. It relates to a driving waveform 
which is used to replace the driving period of t3 in FIG . 4 . 
[ 0097 ] In an initial step , the high negative driving voltage 
( VH2 , e.g. , -15V ) is applied for a period of t7 to push the 
yellow particles towards the viewing side , which is followed 
by a positive driving voltage ( + V ' ) for a period of t8 , which 
pulls the yellow particles down and pushes the red particles 
towards the viewing side . 
[ 0098 ] The amplitude of + V ' is lower than that of Vh ( e.g . , 
Vhi or VH2 ) . In one embodiment , the amplitude of the + V ' 
is less than 50 % of the amplitude of V. ( e.g. , Vhi or VH2 ) . 

Part B : 

[ 0087 ] FIG . 5 illustrates a driving method to drive a pixel 
from a black color state ( high positive ) to a white color state 
( low negative ) . In this method , a high positive driving 
voltage ( Vhi , e.g. , + 15V ) is applied for a period of t5 , to 
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[ 0099 ] In one embodiment , t8 is greater than t7 . In one 
embodiment , t7 may be in the range of 20-400 msec and t8 
may be > 200 msec . 
[ 0100 ] The waveform of FIG . 6 is repeated for at least 2 
cycles ( N > 2 ) , preferably at least 4 cycles and more prefer 
ably at least 8 cycles . The red color becomes more intense 
after each driving cycle . 
[ 0101 ] As stated , the driving waveform as shown in FIG . 
6 may be used to replace the driving period of t3 in FIG . 4 
( see FIG . 7 ) . In other words , the driving sequence may be : 
shaking waveform , followed by driving towards the yellow 
state for a period of t2 and then applying the waveform of 
FIG . 6 . 
[ 0102 ] In another embodiment , the step of driving to the 
yellow state for a period of t2 may be eliminated and in this 
case , a shaking waveform is applied before applying the 
waveform of FIG . 6 ( see FIG . 8 ) . 
[ 0103 ] In one embodiment , the entire waveform of FIG . 7 
is DC balanced . In another embodiment , the entire wave 
form of FIG . 8 is DC balanced . 

[ 0114 ] ( a ) the four types of pigment particles have 
optical characteristics differing from one another ; 

[ 0115 ] ( b ) the first type of particles carry high positive 
charge and the second type of particles carry high 
negative charge ; and 

[ 0116 ] ( c ) the third type of particles carry low positive 
charge and the fourth type of particles carry low 
negative charge , 

the method comprises the following steps : 
[ 0117 ] ( i ) applying a first driving voltage to a pixel in 

the electrophoretic display for a first period of time to 
drive the pixel towards the color state of the first or 
second type of particles at the viewing side ; 

[ 0118 ] ( ii ) applying a second driving voltage to the pixel 
for a second period of time , wherein the second period 
of time is greater than the first period of time , the 
second driving voltage has polarity opposite that of the 
first driving voltage and the second driving voltage has 
an amplitude lower than that of the first driving voltage , 
to drive the pixel from the color state of the first type 
of particles towards the color state of the fourth type of 
particles or from the color state of the second type of 
particle towards the color state of the third type of 
particles , at the viewing side ; and 

repeating steps ( i ) and ( ii ) . 
[ 0119 ] In one embodiment , the amplitude of the second 
driving voltage is less than 50 % of the amplitude of the first 
driving voltage . In one embodiment , steps ( i ) and ( ii ) are 
repeated at least 2 times , preferably at least 4 times and more 
preferably at least 8 times . In one embodiment , the method 
further comprises a shaking waveform before step ( i ) . In one 
embodiment , the method further comprises driving the pixel 
to the color state of the first or second type of particles after 
the shaking waveform but prior to step ( i ) . 

Part B : 

H 

The Third Driving Method : 

Part A : 

[ 0104 ] FIG.9 illustrates a driving waveform which is used 
to replace the driving period of t6 in FIG . 5 . 
[ 0105 ] In an initial step , a high positive driving voltage 
( Vu , e.g. , + 15V ) is applied , for a period of t9 to push the 
black particles towards the viewing side , which is followed 
by applying a negative driving voltage ( -V ' ) for a period of 
t10 , which pulls the black particles down and pushes the 
white particles towards the viewing side . 
[ 0106 ] The amplitude of the -V ' is lower than that of V 
( e.g. , Vhi or VH2 ) . In one embodiment , the amplitude of -V ' 
is less than 50 % of the amplitude of V. ( e.g. , Vhi or VH2 ) . 
[ 0107 ] In one embodiment , t10 is greater than t9 . In one 
embodiment , t9 may be in the range of 20-400 msec and t10 
may be > 200 msec . 
[ 0108 ] The waveform of FIG . 9 is repeated for at least 2 
cycles ( N > 2 ) , preferably at least 4 cycles and more prefer 
ably at least 8 cycles . The white color becomes more intense 
after each driving cycle . 
[ 0109 ] As stated , the driving waveform as shown in FIG . 
9 may be used to replace the driving period of t6 in FIG . 5 
( see FIG . 10 ) . In other words , the driving sequence may be : 
shaking waveform , followed by driving towards the black 
state for a period of t5 and then applying the waveform of 
FIG . 9 . 
[ 0110 ] In another embodiment , the step of driving to the 
black state for a period of t5 may be eliminated and in this 
case , a shaking waveform is applied before applying the 
waveform of FIG . 9 ( see FIG . 11 ) . 
[ 0111 ] In one embodiment , the entire waveform of FIG . 10 
is DC balanced . In another embodiment , the entire wave 
form FIG . 11 is DC balanced . 
[ 0112 ] This second driving method of the present inven 
tion may be summarized as follows : 
[ 0113 ] A driving method for an electrophoretic display 
comprising a first surface on the viewing side , a second 
surface on the non - viewing side and an electrophoretic fluid 
which fluid is sandwiched between a common electrode and 
a layer of pixel electrodes and comprises a first type of 
particles , a second type of particles , a third type of particles 
and a fourth type of particles , all of which are dispersed in 
a solvent or solvent mixture , wherein 

[ 0120 ] The second driving method of the present invention 
is illustrated in FIG . 12. It relates to an alternative to the 
driving waveform of FIG . 6 , which may also be used to 
replace the driving period of t3 in FIG . 4 . 
[ 0121 ] In this alternative waveform , there is a wait time 
t13 added . During the wait time , no driving voltage is 
applied . The entire waveform of FIG . 12 is also repeated at 
least 2 times ( N > 2 ) , preferably at least 4 times and more 
preferably at least 8 times . 
[ 0122 ] The waveform of FIG . 12 is designed to release the 
charge imbalance stored in the dielectric layers and / or at the 
interfaces between layers of different materials , in an elec 
trophoretic display device , especially when the resistance of 
the dielectric layers is high , for example , at a low tempera 
ture . 
[ 0123 ] In the context of the present application , the term 
“ low temperature ” refers to a temperature below about 10 ° 
C. 
[ 0124 ] The wait time presumably can dissipate the 
unwanted charge stored in the dielectric layers and cause the 
short pulse ( t11 ) for driving a pixel towards the yellow state 
and the longer pulse ( t12 ) for driving the pixel towards the 
red state to be more efficient . As a result , this alternative 
driving method will bring a better separation of the low 
charged pigment particles from the higher charged ones . 
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[ 0125 ] The time periods , t11 and t12 , are similar to t7 and 
t8 in FIG . 6 , respectively . In other words , t12 is greater than 
t11 . The wait time ( t13 ) can be in a range of 5-5,000 msec , 
depending on the resistance of the dielectric layers . 
[ 0126 ] As stated , the driving waveform as shown in FIG . 
12 may also be used to replace the driving period of t3 in 
FIG . 4 ( see FIG . 13 ) . In other words , the driving sequence 
may be : shaking waveform , followed by driving towards the 
yellow state for a period of t2 and then applying the 
waveform of FIG . 12 . 
[ 0127 ] In another embodiment , the step of driving to the 
yellow state for a period of t2 may be eliminated and in this 
case , a shaking waveform is applied before applying the 
waveform of FIG . 12 ( see FIG . 14 ) . 
[ 0128 ] In one embodiment , the entire waveform of FIG . 
13 is DC balanced . In another embodiment , the entire 
waveform of FIG . 14 is DC balanced . 

Part B : 

[ 0138 ] ( a ) the four types of pigment particles have 
optical characteristics differing from one another ; 

[ 0139 ] ( b ) the first type of particles carry high positive 
charge and the second type of particles carry high 
negative charge ; and 

[ 0140 ] ( c ) the third type of particles carry low positive 
charge and the fourth type of particles carry low 
negative charge , 

the method comprises the following steps : 
[ 0141 ] ( i ) applying a first driving voltage to a pixel in 

the electrophoretic display for a first period of time to 
drive the pixel towards the color state of the first type 
or second type of particles at the viewing side ; 

[ 0142 ] ( ii ) applying a second driving voltage to the 
pixel for a second period of time , wherein the second 
period of time is greater than the first period of time , the 
second driving voltage has polarity opposite that of the 
first driving voltage and the second driving voltage has 
an amplitude lower than that of the first driving voltage , 
to drive the pixel from the color state of the first type 
of particles towards the color state of the fourth type of 
particles or from the color state of the second type of 
particle towards the color state of the third type of 
particles , at the viewing side ; 

[ 0143 ] ( iii ) applying no driving voltage to the pixel for 
a third period of time ; and repeating steps ( i ) - ( iii ) . 

[ 0144 ] In one embodiment , the amplitude of the second 
driving voltage is less than 50 % of the amplitude of the first 
driving voltage . In one embodiment , steps ( i ) , ( ii ) and ( iii ) 
are repeated at least 2 times , preferably at least 4 times and 
more preferably at least 8 times . In one embodiment , the 
method further comprises a shaking waveform before step 
( i ) . In one embodiment , the method further comprises a 
driving step to the full color state of the first or second type 
of particles after the shaking waveform but prior to step ( i ) . 
[ 0145 ] It should be noted that the lengths of any of the 
driving periods referred to in this application may be tem 
perature dependent . 

The Fourth Driving Method : 

Part A : 

[ 0129 ] FIG . 15 illustrates an alternative to the driving 
waveform of FIG . 9 , which may also be used to replace the 
driving period of t6 in FIG . 5 . 
[ 0130 ] In this alternative waveform , there is a wait time 
t16 added . During the wait time , no driving voltage is 
applied . The entire waveform of FIG . 15 is also repeated at 
least 2 times ( N > 2 ) , preferably at least 4 times and more 
preferably at least 8 times . 
[ 0131 ] Like the waveform of FIG . 12 , the waveform of 
FIG . 15 is also designed to release the charge imbalance 
stored in the dielectric layers and / or at the interfaces of 
layers of different materials , in an electrophoretic display 
device . As stated above , the wait time presumably can 
dissipate the unwanted charge stored in the dielectric layers 
and cause the short pulse ( t14 ) for driving a pixel towards 
the black state and the longer pulse ( t15 ) for driving the pixel 
towards the white state to be more efficient . 
[ 0132 ] The time periods , t14 and t15 , are similar to t9 and 
t10 in FIG.9 , respectively . In other words , t15 is greater than 
t14 . The wait time ( t16 ) may also be in a range of 5-5,000 
msec , depending on the resistance of the dielectric layers . 
[ 0133 ] As stated , the driving waveform as shown in FIG . 
15 may also be used to replace the driving period of t6 in 
FIG . 5 ( see FIG . 16 ) . In other words , the driving sequence 
may be : shaking waveform , followed by driving towards the 
black state for a period of t5 and then applying the waveform 
of FIG . 15 . 
[ 0134 ] In another embodiment , the step of driving to the 
black state for a period of t5 may be eliminated and in this 
case , a shaking waveform is applied before applying the 
waveform of FIG . 15 ( see FIG . 17 ) . 
[ 0135 ] In one embodiment , the entire waveform of FIG . 
16 is DC balanced . In another embodiment , the entire 
waveform of FIG . 17 is DC balanced . 
[ 0136 ] The third driving method of the present invention 
therefore may be summarized as follows : 
[ 0137 ] A driving method for an electrophoretic display 
comprising a first surface on the viewing side , a second 
surface on the non - viewing side and an electrophoretic fluid 
which fluid is sandwiched between a common electrode and 
a layer of pixel electrodes and comprises a first type of 
particles , a second type of particles , a third type of particles 
and a fourth type of particles , all of which are dispersed in 
a solvent or solvent mixture , wherein 

H1 

[ 0146 ] The fourth driving method of the present invention 
is illustrated in FIG . 18 . 
[ 0147 ] It relates to a driving waveform which may also be 
used to replace the driving period of t3 in FIG . 4 . 
[ 0148 ] In an initial step , a high negative driving voltage 
( VH2 , e.g. , -15V ) is applied to a pixel for a period of t17 , 
which is followed by a wait time of t18 . After the wait time , 
a positive driving voltage ( + V ' , e.g. , less than 50 % of V , 
or VH2 ) is applied to the pixel for a period of t19 , which is 
followed by a second wait time of t20 . The waveform of 
FIG . 18 is repeated at least 2 times , preferably at least 4 
times and more preferably at least 8 times . The term , “ wait 
time ” , as described above , refers to a period of time in which 
no driving voltage is applied . 
[ 0149 ] In the waveform of FIG . 18 , the first wait time t18 
is very short while the second wait time t20 is longer . The 
period of t17 is also shorter than the period of t19 . For 
example , t17 may be in the range of 20-200 msec ; t18 may 
be less than 100 msec ; t19 may be in the range of 100-200 
msec ; and t20 may be less than 1000 msec . 
[ 0150 ] FIG . 19 is a combination of FIG . 4 and FIG . 18. In 
FIG . 4 , a yellow state is displayed during the period of t2 . 
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As a general rule , the better the yellow state in this period , 
the better the red state that will be displayed at the end . 
[ 0151 ] In one embodiment , the step of driving to the 
yellow state for a period of t2 may be eliminated and in this 
case , a shaking waveform is applied before applying the 
waveform of FIG . 18 ( see FIG . 20 ) . 
[ 0152 ] In one embodiment , the entire waveform of FIG . 
19 is DC balanced . In another embodiment , the entire 
waveform of FIG . 20 is DC balanced . 

Part B : 

[ 0166 ] ( iii ) applying a second driving voltage to the 
pixel for a third period of time , wherein the third period 
of time is greater than the first period of time , the 
second driving voltage has polarity opposite that of the 
first driving voltage and the second driving voltage has 
an amplitude lower than that of the first driving voltage , 
to drive the pixel from the color state of the first type 
of particles towards the color state of the fourth type of 
particles or from the color state of the second type of 
particles towards the color state of the third type of 
particles , at the viewing side ; 

[ 0167 ] ( iv ) applying no driving voltage to the pixel for 
a fourth period of time ; and repeating steps ( i ) - ( iv ) . 

[ 0168 ] In one embodiment , the amplitude of the second 
driving voltage is less than 50 % of the amplitude of the first 
driving voltage . In one embodiment , steps ( i ) - ( iv ) are 
repeated at least 2 times , preferably at least 4 times and more 
preferably at least 8 times . In one embodiment , the method 
further comprises a shaking waveform before step ( i ) . In one 
embodiment , the method further comprises driving the pixel 
to the color state of the first or second type of particles after 
the shaking waveform but prior to step ( i ) . 
[ 0169 ] This driving method not only is particularly effec 
tive at a low temperature , it can also provide a display device 
better tolerance of structural variations caused during manu 
facture of the display device . Therefore its usefulness is not 
limited to low temperature driving . 

H1 

The Fifth Driving Method : 
Part A : 

[ 0153 ] FIG . 21 illustrates a driving waveform which may 
also be used to replace the driving period of th in FIG . 5 . 
[ 0154 ] In an initial step , a high positive driving voltage 
( VH1 , e.g. , + 15V ) is applied to a pixel for a period of t21 , 
which is followed by a wait time of t22 . After the wait time , 
a negative driving voltage ( -V ' , e.g. , less than 50 % of V 
or VH2 ) is applied to the pixel for a period of t23 , which is 
followed by a second wait time of t24 . The waveform of 
FIG . 21 may also be repeated at least 2 times , preferably at 
least 4 times and more preferably at least 8 times . 
[ 0155 ] In the waveform of FIG . 21 , the first wait time t22 
is very short while the second wait time t24 is longer . The 
period of t21 is also shorter than the period of t23 . For 
example , t21 may be in the range of 20-200 msec ; t22 may 
be less than 100 msec ; t23 may be in the range of 100-200 
msec ; and t24 may be less than 1000 msec . 
[ 0156 ] FIG . 22 is a combination of FIG . 5 and FIG . 21. In 
FIG . 5 , a black state is displayed during the period of t5 . As 
a general rule , the better the black state in this period , the 
better the white state that will be displayed at the end . 
[ 0157 ] In one embodiment , the step of driving to the black 
state for a period of t5 may be eliminated and in this case , 
a shaking waveform is applied before applying the wave 
form of FIG . 21 ( see FIG . 23 ) . 
[ 0158 ] In one embodiment , the entire waveform of FIG . 
22 is DC balanced . In another embodiment , the entire 
waveform of FIG . 23 is DC balanced . 
[ 0159 ] The fourth driving method of the invention may be 
summarized as follows : 
[ 0160 ] A driving method for an electrophoretic display 
comprising a first surface on the viewing side , a second 
surface on the non - viewing side and an electrophoretic fluid 
which fluid is sandwiched between a common electrode and 
a layer of pixel electrodes and comprises a first type of 
particles , a second type of particles , a third type of particles 
and a fourth type of particles , all of which are dispersed in 
a solvent or solvent mixture , wherein 

[ 0161 ] ( a ) the four types of pigment particles have 
optical characteristics differing from one another ; 

[ 0162 ] ( b ) the first type of particles carry high positive 
charge and the second type of particles carry high 
negative charge ; and 

[ 0163 ] ( c ) the third type of particles carry low positive 
charge and the fourth type of particles carry low 
negative charge , 

the method comprises the following steps : 
[ 0164 ] ( i ) applying a first driving voltage to a pixel in 

the electrophoretic display for a first period of time to 
drive the pixel towards the color state of the first or 
second type of particles at the viewing side ; 

[ 0165 ] ( ii ) applying no driving voltage to the pixel for 
a second period of time ; 

[ 0170 ] This driving method is particularly suitable for low 
temperature driving of a pixel from the yellow state ( high 
negative ) to the red state ( low positive ) . 
[ 0171 ] As shown in FIG . 24 , a low negative driving 
voltage ( -V ' ) is first applied for a time period of t25 , 
followed by a low positive driving voltage ( + V " ) for a time 
period of t26 . Since the sequence is repeated , there is also a 
wait time of t27 between the two driving voltages . Such a 
waveform may be repeated at least 2 times ( N'22 ) , prefer 
ably at least 4 times and more preferably at least 8 times . 
[ 0172 ] The time period of t25 is shorter than the time 
period of t26 . The time period of t27 may be in the range of 
0 to 200 msec . 
[ 0173 ] The amplitudes of the driving voltages , V ' and V " 
may be 50 % of the amplitude of V. ( e.g. , VH1 or VH2 ) . It is 
also noted that the amplitude of V ' may be the same as , or 
different from , the amplitude of V " . 
[ 0174 ] It has also been found that the driving waveform of 
FIG . 24 is most effective when applied in conjunction with 
the waveform of FIGS . 19 and 20. The combinations of the 
two driving waveforms are shown in FIGS . 25 and 26 , 
respectively . 
[ 0175 ] In one embodiment , the entire waveform of FIG . 
25 is DC balanced . In another embodiment , the entire 
waveform of FIG . 26 is DC balanced . 

Part B : 

[ 0176 ] This driving method is particularly suitable for low 
temperature driving of a pixel from the black state ( high 
positive ) to the white state ( low negative ) . 
[ 0177 ] As shown in FIG . 27 , a low positive driving 
voltage ( + V ' ) is first applied for a time period of t28 , 
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of the fourth type of particles or from the color state of 
the second type of particles towards the color state of 
the third type of particles , at the viewing side ; 

[ 0193 ] ( vii ) applying no driving voltage for a seventh 
period of time ; and repeating steps ( v ) - ( vii ) . 

[ 0194 ] In one embodiment , the amplitudes of both the 
third driving voltage and the fourth driving voltage are less 
than 50 % of the amplitude of the first driving voltage . In one 
embodiment , steps ( V ) - ( vii ) are repeated at least 2 times , 
preferably at least 4 times and more preferably at least 8 
times . 

followed by a low negative driving voltage ( -V " ) for a time 
period of t29 . Since this sequence is repeated , there is also 
a wait time of t30 between the two driving voltages . Such a 
waveform may be repeated at least 2 times ( e.g. , N ' > 2 ) , 
preferably at least 4 times and more preferably as least 8 
times . 
[ 0178 ] The time period of t28 is shorter than the time 
period of t29 . The time period of t30 may be in the range of 
0 to 200 msec . 
[ 0179 ] The amplitudes of the driving voltages , V ' and V " 
may be 50 % of the amplitude of V. ( e.g. , Vhi or VH2 ) . It is 
also noted that the amplitude of V ' may be the same as , or 
different from , the amplitude of V " . 
[ 0180 ] It has also been found that the driving waveform of 
FIG . 27 is most effective when applied in conjunction with 
the waveform of FIGS . 22 and 23. The combinations of the 
two driving waveforms are shown in FIGS . 28 and 29 , 
respectively . 
[ 0181 ] In one embodiment , the entire waveform of FIG . 
28 is DC balanced . In another embodiment , the entire 
waveform of FIG . 29 is DC balanced . 
[ 0182 ] The fifth driving method can be summarized as 
follows : 
[ 0183 ] A driving method for an electrophoretic display 
comprising a first surface on the viewing side , a second 
surface on the non - viewing side and an electrophoretic fluid 
which fluid is sandwiched between a common electrode and 
a layer of pixel electrodes and comprises a first type of 
particles , a second type of particles , a third type of particles 
and a fourth type of particles , all of which are dispersed in 
a solvent or solvent mixture , wherein 

[ 0184 ] ( a ) the four types of pigment particles have 
optical characteristics differing from one another ; 

[ 0185 ] ( b ) the first type of particles carry high positive 
charge and the second type of particles carry high 
negative charge ; and 

[ 0186 ] ( c ) the third type of particles carry low positive 
charge and the fourth type of particles carry low 
negative charge , 

the method comprises the following steps : 
[ 0187 ] ( i ) applying a first driving voltage to a pixel in 

the electrophoretic display for a first period of time to 
drive the pixel towards the color state of the first or 
second type of particles at the viewing side ; 

[ 0188 ] ( ii ) applying no driving voltage to the pixel for 
a second period of time ; 

[ 0189 ] ( iii ) applying a second driving voltage to the 
pixel for a third period of time , wherein the third period 
of time is greater than the first period of time , the 
second driving voltage has polarity opposite that of the 
first driving voltage and the second driving voltage has 
an amplitude lower than that of the first driving voltage ; 

[ 0190 ] ( iv ) applying no driving voltage to the pixel for 
a fourth period of time ; and repeating steps ( i ) - ( iv ) ; 

[ 0191 ] ( v ) applying a third driving voltage to the pixel 
for a fifth period of time , wherein the third driving 
voltage has polarity same as that of the first driving 
voltage ; 

[ 0192 ] ( vi ) applying a fourth driving voltage to the pixel 
for a sixth period of time , wherein the fifth period of 
time is shorter than the sixth period of time and the 
fourth driving voltage has polarity opposite that of the 
first driving voltage to drive the pixel from the color 
state of the first type of particles towards the color state 

The Sixth Driving Method 
[ 0195 ] FIGS . 30 and 31 illustrate alternative driving meth 
ods of the invention . The methods may also be viewed as 
“ re - set ” or “ pre - condition " , prior to driving a pixel to a 
desired color state . 
[ 0196 ] The waveform in FIG . 30 comprises three parts , ( i ) 
driving to a first state ( yellow ) , ( ii ) applying a driving 
voltage ( Vh1 , e.g. , + 15V ) having the same polarity as that of 
the second ( black ) particles for a short period of time , t? , 
which is not sufficiently long to drive from the first ( yellow ) 
state to the second ( black ) state , resulting in a dark yellow 
state , and ( iii ) shaking . 
[ 0197 ] The waveform in FIG . 31 is the complimentary 
waveform to FIG . 30 and comprises three parts , ( i ) driving 
to second state ( black ) , ( ii ) applying a driving voltage ( VH2 ; 
e.g. , -15V ) having the same polarity as that of the second 
( yellow ) particles for a short period of time , tz , which is not 
sufficiently long to drive from the second ( black ) state to the 
first ( yellow ) state , resulting in a dark yellow state , and ( iii ) 
shaking 
[ 0198 ] The length of t¡ or tz would depend on not only the 
final color state driven to ( after the re - set and pre - condition 
waveform of FIG . 30 or 31 ) , but also the desired optical 
performance of the final color state ( e.g. , a * , AL * and Aa * ) . 
For example , there is least ghosting when t , in the waveform 
of FIG . 30 is 40 msec and pixels are driven to the third 
( white ) state regardless of whether they are driven from red , 
black , yellow , or white . Similarly , there is least ghosting 
when t , is 60 msec and pixels are driven to the second 
( black ) state regardless of whether they are driven from red , 
black , yellow , or white . 
[ 0199 ] The shaking waveform consists of repeating a pair 
of opposite driving pulses for many cycles . For example , the 
shaking waveform may consist of a + 15V pulse for 20 msec 
and a -15V pulse for 20 msec and such a pair of pulses is 
repeated for 50 times . The total time of such a shaking 
waveform would be 2000 msec . 
[ 0200 ] Each of the driving pulses in the shaking waveform 
is applied for not exceeding half of the driving time required 
for driving from the full black state to the full white state , or 
vice versa . For example , if it takes 300 msec to drive a pixel 
from a full black state to a full yellow state , or vice versa , 
the shaking waveform may consist of positive and negative 
pulses , each applied for not more than 150 msec . In practice , 
it is preferred that the pulses are shorter . 
[ 0201 ] It is noted that in FIGS . 30 and 31 , the shaking 
waveform is abbreviated ( i.e. , the number of pulses is fewer 
than the actual number ) . 
[ 0202 ] After shaking is completed , the four types of par 
ticles should be in a mixed state in the display fluid . 
[ 0203 ] After this “ re - set ” or “ pre - condition ” of FIG . 30 or 
31 is completed , a pixel is then driven to a desired color state 
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( e.g. , black , red , yellow , or white ) . For example , a positive 
pulse may be applied to drive the pixel to black ; a negative 
pulse may be applied to drive the pixel to yellow ; a negative 
pulse followed by a positive pulse of lower amplitude may 
be applied to drive the pixel to white , or a positive pulse 
followed by a negative pulse of lower amplitude may be 
applied to drive the pixel to red . 
[ 0204 ] When comparing driving methods with or without 
the “ re - set ” or “ pre - condition ” of the present invention , the 
methods with the “ re - set ” or “ pre - condition ” of the present 
invention have the added advantage of shorter waveform 
time in achieving the same levels of optical performance 
( including ghosting ) . 
[ 0205 ] The driving methods of the present invention can 
be summarized as follows : 
[ 0206 ] A driving method for driving a pixel of an electro 
phoretic display comprising a first surface on a viewing side , 
a second surface on a non - viewing side , and an electropho 
retic fluid disposed between a first light - transmissive elec 
trode and a second electrode , the electrophoretic fluid com 
prising a first type of particles , a second type of particles , a 
third type of particles , and a fourth type of particles , all of 
which are dispersed in a solvent , wherein 

[ 0207 ] ( a ) the four types of pigment particles have 
different optical characteristics ; 

[ 0208 ] ( b ) the first type of particles and the third type of 
particles are positively charged , wherein the first type 
of particles have a greater magnitude of positive charge 
than the third particles ; and 

[ 0209 ] ( c ) the second type of particles and the fourth 
type of particles are negatively charged , wherein the 
second type of particles have a greater magnitude of 
negative charge than the fourth particles , 

the method comprises the steps of : 
[ 0210 ] ( i ) applying a first driving voltage to the pixel of 

the electrophoretic display for a first period of time at 
a first amplitude to drive the pixel to a color state of the 
first or the second type of particles at the viewing side ; 

[ 0211 ] ( ii ) applying a second driving voltage to the pixel 
of the electrophoretic display for a second period of 
time , wherein the second driving voltage has a polarity 
opposite to that of the first driving voltage and a second 
amplitude smaller than that of the first amplitude , 
wherein the second period is not sufficiently long to 
drive the pixel to a color state of the second type of 
particles at the viewing side , or when the first driving 
voltage drives the pixel to a color state of the second 
type of particles , the second period is not sufficiently 
long to drive the pixel to a color state of the first type 
of particles at the viewing side ; and applying a shaking 
waveform . 

[ 0212 ] While the present invention has been described 
with reference to the specific embodiments thereof , it should 
be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted without 
departing from the scope of the invention . In addition , many 
modifications may be made to adapt a particular situation , 
materials , compositions , processes , process step or steps , to 
the objective and scope of the present invention . All such 
modifications are intended to be within the scope of the 
claims appended hereto . 

1. An electrophoretic display comprising a first surface on 
a viewing side , a second surface on a non - viewing side , and 
an electrophoretic fluid disposed between a first light - trans 
missive electrode and a second electrode , the electrophoretic 
fluid comprising : 

a first type of particles , a second type of particles , a third 
type of particles , and a fourth type of particles , all of 
which are dispersed in a solvent , wherein 

( a ) the four types of pigment particles have different 
optical characteristics ; 

( b ) the first type of particles and the third type of particles 
are positively charged , wherein the first type of par 
ticles have a greater magnitude of positive charge than 
the third particles ; and 

( c ) the second type of particles and the fourth type of 
particles are negatively charged , wherein the second 
type of particles have a greater magnitude of negative 
charge than the fourth particles , 

wherein the optical characteristic of the third type of 
particle or the optical characteristic of the fourth type of 
particle is visible at the first surface on the viewing side 
after : 

a first driving voltage , having a first period of time , a first 
polarity , and a first amplitude , is applied between the 
first light - transmissive electrode and the second elec 
trode , and 

a second driving voltage having a second period of time , 
a second polarity , and a second amplitude , is applied 
between the first light - transmissive electrode and the 
second electrode , wherein the first and second polari 
ties are opposite from each other and the second 
amplitude is smaller than the first amplitude . 

2. The electrophoretic display of claim 1 , wherein the 
optical characteristic of the second particle or the optical 
characteristic of the first particle is visible at the first surface 
on the viewing side after the first driving voltage is applied , 
but is no longer visible at the first surface on the viewing side 
after the second driving voltage is applied . 

3. The electrophoretic display of claim 1 , wherein the 
second amplitude is less than 50 % of the first amplitude . 

4. The electrophoretic display of claim 1 , wherein the 
magnitude of the positive charge of the third particle is less 
than 50 % of the magnitude of the positive charge of the first 
particle . 
5. The electrophoretic display of claim 1 , wherein the 

magnitude of the negative charge of the fourth particle is less 
than 50 % of the magnitude of the negative charge of the 
second particle . 

6. The electrophoretic display of claim 1 , wherein the 
magnitude of the positive charge of the third particle is less 
than 75 % of the magnitude of the positive charge of the first 
particle . 

7. The electrophoretic display of claim 1 , wherein the 
magnitude of the negative charge of the fourth particle is less 
than 75 % of the magnitude of the negative charge of the 
second particle . 
8. The electrophoretic display of claim 1 , wherein the 

electrophoretic fluid is contained in microcells that are 
disposed between the first light - transmissive electrode and 
the second electrode . 

9. The electrophoretic display of claim 1 , wherein the 
electrophoretic fluid is contained in microcapsules that are 
disposed between the first light - transmissive electrode and 
the second electrode . 
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10. The electrophoretic display of claim 1 , wherein the 
electrophoretic fluid additionally includes charge control 
agents . 

11. The electrophoretic display of claim 1 , wherein the 
first optical characteristic is yellow , the second optical 
characteristic is black , the third optical characteristic is 
white , and the fourth optical characteristic is red . 


