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1 Ferroelectric display device Field of the invention 5 The present
invention relates to a flat display device which displays image information.
In particular, the present invention relates to a display device which
employs ferroelectric elements. Background of the invention 10 Flat panel
displays are gradually taking the place of, cathode ray tubes (CRT).
Especially for mobile devices, flat panel alsplays such as liquid crystal
displays are suitable in terpgraidhieknesasiae @birecommercial
applications of mobile display devices is as electronic books, which
display letters and pictorial images 15 on their flat display panel as if they
Wkl meadies ofveptioted book. Liquid crystal display (LCD) panels and
another kind of display panel, which is called "an electronic ink display”,
are currently utilized for that purpose. The outline of an electronic ink

di Splayrﬁasﬁofwwstﬁher@ﬂam@m% canfranerisia30 b ihe elgesAnidpkays image
millions oftln m|croc sules and a binder material. Each

m.c%”é‘%d%ﬂ‘re LS ﬁg%daﬁ% VSR ﬁ/ﬂl@ﬂ&hﬁﬁé’s@ﬁdqﬁ%@ﬁwgﬁ)"ce which

clapjegsifackgarticleslsuspetsded in a clear fluid. The microcapsules are

dispersed in a binder material and supported by it. The binder contains

millions of microcapsules, and is formed like a sheet. Transparent top

éleckgdasanof 25chipitentielectrodes are attached to the sheet in arrays

on the sheet's respective surfaces. When a negative voltage is applied to

one of the top electrodes and a positive voltage is applied to the

cfaerbppaadimﬁig;tdagterarelegmddeltwaawh'@etmﬁigm mmfﬁgdbﬁrapﬁgb@? (CRT).
| s wher beco VISIb| o the user, This makes the

?fjér:a%je%% pearlrr\r/‘v ??tgaaa e spo Pﬁﬂ‘ee§§m8 I@¥5eSHGR as liquid crystal displays

are suitable in terms of thickness. One of the commercial applications of mobile

display devices is as electronic books, which display letters and pictorial images
on their flat display panel as if they were pages of a printed book. Liquid crystal
display (LCD) panels and another kind of display panel, which is called “an

electronic ink display”, are currently utilized for that purpose.

The outline of an electronic ink display is as follows. The principal components
of the electronic ink are millions of tiny microcapsules and a binder material.
Each microcapsule contains positively charged white particles and negatively
charged black particles suspended in a clear fluid. The microcapsules are
dispersed in a binder material and supported by it. The binder contains millions
of microcapsules, and is formed like a sheet. Transparent top electrodes and
bottom electrodes are attached to the sheet in arrays on the sheet’s respective
surfaces. When a negative voltage is applied to one of the top electrodes and a
positive voltage is applied to the corresponding bottom electrode, the white
particles move to the top of the microcapsules where they become visible to the
user. This makes the surface appear white at that spot. At the same time, the
electric field pulls the black particles to the bottom of the microcapsules where
they are hidden. By reversing the applied voltage, the black particles move to

the top of the capsule, which now makes the surface appear dark at that spot.
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30 electric field pulls the black particles to the bottom of the microcapsules
where they are hidden. By reversing the applied voltage, the black
particles move to the top of the capsule, which now makes the surface
appear dark at that spot. 2 Both LCD display devices and electronic ink
display devices require electric power tgymaintain the displayed image.
Since for certain applications, such as electric books, the frequency of
turning pages (i.e. updates of the displayed s image) is quite low, most of

RO rl_séﬁmcﬁéﬁ \6’89 &gs ltd%':g ?f?é"(}ﬁ 83!‘(’:'9%kwmc qé'g\%%é] 9 Peﬁ%‘?rre electric
to maintain an ge were avalla € power cor‘?su}/nptlon OfSS
rpobitr devivestedulthbalreplayed draagsticaihceStomoetgiof a;n@mwmixsn such as

t t |
T35 VAT P SRR ST o
dﬁﬁ@%’)dévméf@oiﬂmsm@é‘rr@élémerc@@@@l‘t@rt@ahd svaisisldy lél@méaplay device
B 3oL Aele R NN BPRen IR RRIAIRANENALIEC JURSIFE he power

CapaC|tor Ince a ectric capacitor can mairtain Its state o
FslafsaRiPhahewbsarddl ofdavieppied ld betriedistedatnivditivatiys of
the invention may be able to maintain a displayed image with little or no
consumpt|on of electricity. 20 More specifically, the present invention
having: an array of display elements, each
display element comprising: (i) an element of fluid; and (ii) charged
particles suspended in the fluid and having different visual characteristics
fidif BERSANIdNLENEachITSHR BIfSYigy alaewrsbertfyroisniaedevice.
respective ferroelectric capacitor comprising an element of ferroelectric

material and electrodes for
In general terms, the present invention proposes that the elements of the

display device comprise ferroelectric capacitors and a display element having a
colour which depends on the polarisation of the ferroelectric capacitor. Since a
ferroelectric capacitor can maintain its state of polarisation in the absence of an
applied electric field, embodiments of the invention may be able to maintain a

displayed image with little or no consumption of electricity.

More specifically, the present invention proposes a display device having:

an array of display elements, each display element comprising:

(i) an element of fluid; and

(ii) charged particles suspended in the fluid and having different visual
characteristics from said fluid;

each of said display elements being proximate a respective ferroelectric
capacitor comprising an element of ferroelectric material and electrodes for
generating an electric field in the element of ferroelectric material to polarize the
element of ferroelectric material;

wherein polarisation of the element of ferroelectric material produces an
electric field in the corresponding element of fluid, which displaces the charged
particles within the fluid and thereby changes the appearance of the display
element. |



10

15

20

25

30

generating an electric field in the element of ferroelectric material to
polarize the element of ferroelectric material; wherein polarisation of the
element of ferroelectric material produces an ?0 electric field in the
corresponding element of fluid, which displaces the charged particles
within the fluid and thereby changes the appearance of the display
element. 3 An alternative expression of the invention is a method of
displaying information on display device having: an array of display

O LR AT e SBT3 R et Sl Adgrormation

dhratispigistiesitternassaithfiuid; the method including applying a voltage to
an element of ferroelectric rlnateri%l prox'm[ﬁte the e emeniof fludto
polarizeaﬂwgr(rﬁé/rﬁﬁfﬁs e FOSIDERS: FRIhE! BBISAS SOORPEEIRE:

elementipéfeeleetectriofrfiaieériahgroducing an electric field in the
correspending element of fluid, which displaces the charged p,arti)%e .
i (0 ARG RETBY R RO ABp i hEe crie Baaye orent visual

elbarantetsiidefeorasaiddispthy elements is preferably two-dimensional,

with the respective, ferroelectric capacitors gn a first side of the array of .

displaye[gl%rr%eer?f\s(?%fﬁgcwéﬂgya&r%%@ol@ ingI s g)ttac{ﬁs%lgrrgﬁfiéf df%rroelectrlc

layabgrom (hrexithate opposiensie off flué awayoadd dizplecettorseots. @0fdheelectric
t ma rovided as a separat ir of electrades for each :

%%Cé%ﬁ)ggtﬁ@% 6’2%{%?%%%61 iveel?/?,ggr]l%ngr oﬂ%‘?fﬁé@?e&ﬁ%%é@n%?%mng an

stanitichitideertnsoce tiemponding thiefeerdaké it cagaichiodts ffaces the charged

Wj@% @ithin the fluid and thereby changes the appearance of the display
element.

The array of display elements is preferably two-dimensional, with the respective
ferroelectric capacitors on a first side of the array of display elements. The
display preferably includes a transparent solid layer, on the other, opposite side

of the array of display elements.

The electrodes may be provided as a separate pair of electrodes for each
ferroelectric capacitor. Alternatively, one or both, of the electrodes may be
shared between more than one of the ferroelectric capacitors. For example, a
first electrode may be arranged to provide a first voltage (e.g. ground) to a first
side of a plurality of the ferroelectric elements, and the ferroelectric elements
may be provided with a respective second electrode on their opposite side, so
that the polarization states of the plurality of ferroelectric elements can be
controlled by controlling the respective potentials of the respective second

electrodes, and optionally without changing the potential of the first electrode.

Optionally, the charged particles may all be of the same colour, such as a first

colour. In this case, the fluid is typically of a second, different colour.
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first electrode may be arranged to provide a first voltage (e.g. ground) toa
first side of a plurality of the ferroelectric elements, and the ferroelectrlc.
elements 25 may be provided with a respective second electrode on thelr
opposite side, so that the polarization states of the plurality of ferroelectrlc
elements can be controlled by controlling the respective potentials of the
respective second electrodes, and optionally without changing the

poterniicfisheHizse mrodm@&@pmm?rgem@am%dr@%m?e% 82%&d colour,
f m coI ur, such as a olour. In this case, the fluid is
%/Tof%a glamseecondr‘;t Ll?&ﬁr%%ﬁi {ﬁe ﬁuﬂtgﬁ%ftﬁ@y t?ﬁéreerﬁﬁf@rﬂﬂbr%@ clear.
uncharged particles having a second colour, different from the first colour,
elf may. be of any.colour, [, Alternatrvely, the
%lz%éﬂe% pa tict;?eg rcr:1hdy %2 oPaﬁféﬁ%%m%thgs# E5RRt sipleuTs frgim each other.
é@memhecnm@ma@wesarrtayammmse:mﬁpﬁ@est&f RRSIBEE, positively

afl st oI ur, and ne atlve charged partlcles
havr g ase%@rﬁe our Int lig casgqne%nﬁdrgﬁ% EWaripsephiaiiicles having

\@rmmblmzi@urelrbémiaeaasaaOtmeeﬂﬂmdmwﬂnm&fd@gar@ﬁgmm,mout colour,
Igng)een&; y be separated from the fluid elements of other display

eIements [ternatively, the fluid elements of different display elements
may be in fluid communication With each other. In some embodiments, for
ortions of a sheet-shaped

fie drff rent
fluid bogj %%n% e éﬁregrgid egym%y SN rh%vgeeﬁé'@eﬁﬁeféﬂm the fluid
@W@‘r‘@ﬁfi‘rl@mmﬂmela’yfawmmesﬂhmmmwﬁhmwm@d@mnéﬁte Bedifferent

re. themselyes dIS ersed ands ina
bll’%el’ m%?tgelﬁgl’n O%la?oeﬁéllj\ aﬁgléen '9\ '8Perﬂgn¥\' a%h-er.. In some
Stiprmanis|daearsgropth ttmwrarrcdnglehmsgwl pmydtesm@rﬂtmtfmbns of a
%@@&%‘ﬁ@ﬁl%ﬁféhﬁody, and the charged particles may be able to move

between different fluid elements.

A further possibility is for the fluid elements to be microcapsules, which are
themselves dispersed and supported in a binder material.

Optionally, a given display element may contain multiple fluid elements, each

containing charged particles, and all within the electric field of the
ferrocapacitor.

The invention is particularly useful in the case that the display device is a part of
a mobile device (such as a hand-held item of consumer electronics), since
using the present display device helps the mobile devices prolong its battery
life. The present display device is also suitable for use as a public display
device, e.g. for displaying an advertisement such as electric poster which does
not require frequent updating of the image.

Brief description of the drawings
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ferrocapacitor. The invention is particularly useful in the case that the

display device is a part of 25 a mobile device (such as a hand-held item

of consumer electronics), since using the present display device helps the
mobile devices prolong its battery life. The present display device is also
suitable for use as a public display devi%e, e.g. for displaying an

advertisement such as electric poster which does not require frequent
rdasingdofftaireager %ﬁlrimgﬁgggpmm t;ﬁ%&h? maw@@@snéegrﬁf&;rﬁfe sake of
features of the invention will now scribed, for the sake of illustration

gﬁw,r ﬁ?ﬂ&@én\%gﬁéet?%%ﬁ&%bﬁﬁd?&lwwgvﬁﬂﬂeﬁi{f Vil schematic

view of a display element of a device which is an 5 embodiment of the

invention; Fig. 2(a) illystrates a polarization process of the ferroelectric _
|§'>9ert<'laf i%eadigﬁfggmél{é?ngﬁ%f&ig? 1‘5?8?%&92?65‘%&}595@5 ABWaRehich is an
aistilay ielement ibfcFigvdntimplays a black pixel; Figure 2(c) illustrates how

the display element of Fig. 1 displays a white pixel; Figure 3 shows the

relationship between the applied electric field, the is polarization state of

thig s leijl eseraterst affeigiizatod tive opticalf deasityrobibetrdisalast of the display
II%menttofflf_j . J,l;_and Figure 4 shows typical polarization propertles of

%err@tﬁgct?lc rgﬂaterials. 20 Detailed Description of Preferred Embodiments

Referring firstly to Fig. 1, a cross-sectional schematic view is shown of a

i ic di devi hich | bodi t of the .
B AP e SRl 5 SRt S o
dimensional rectilinear

Figure 2(c) illustrates how the display element of Fig. 1 displays a white pixel;
Figure 3 shows the relationship between the applied electric field, the

polarization state of the display element of Fig. 1, and the optical density of the
display element of Fig. 1; and

Figure 4 shows typical polarization properties of ferroelectric materials.

Detailed Description of Preferred Embodiments

Referring firstly to Fig. 1, a cross-sectional schematic view is shown of a portion
of a ferroelectric display device which is an embodiment of the present
invention. Specifically, the display device inciudes a two dimensional rectilinear
array of display elements (pixels), and the cross-sectional view is in a plane
perpendicular to the surface of the display device and including one line of the
pixels. In Fig. 1, the n-th pixel is shown. The n-th pixel is located between the
(n-1)-th pixel and the (n+1)-th pixel. It comprises an arrangement of a
ferroelectric layer 1, and two electrodes 2, 3 attached on both surfaces of said
ferroelectric layer 1. A layer 4 of a clear fluid extends over a plurality of the
display elements and includes positively charged white particles 5 and

negatively charged black particles 6. One suitable material for the ferroelectric
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25 array of display elements (pixels), and the cross-sectional view is in a
plane perpendicular to the surface of the display device and including one
line of the pixels. In Fig. 1, the n-th pixel is shown, The n-th pixel is
located between the (n-1)-th pixel and the (n+1)-th pixel. It comprises an
arrangement of a ferroelectric layer 1, and two electrodes 2, 3 attached
on both surfaces of said 3o ferroelectric layer 1. A layer 4 of a clear fluid

eéxyendsiovecapplynatitycdivinglidepddly eterments aifliordattedarastENDF/TrFE)).
rged: whi ticles 5 and . negatjve ar lack patrticles 6.

gmu%a%%'%éaté%ﬁigﬁghﬁg f\évﬁ‘rgqgeggﬁ:ﬁéiggeﬁl Isa o%rofg%gé%ﬁlo 2& ?&‘?T) The

viniitidenelfietnide abidisrifiiensethiplemes @o(\FFIBE E)jxeMdternatiieed, the upper
ipilitie d rfi T) or,SrBi2Ta2Q9 (SBT). The battom

%I?eégtﬂr%g% ; igg%apgg)ggéggﬁérﬁﬁépﬁegpi@ SO fﬁggggféh'g upgeﬁrec%on into the

dlegerodedextsndiny thedughedultmdipielstending in the direction into

the 5 page, and extending through multiple pixels. Fig. 2, which is

composed of Figs. 2(a) to 2(c), illustrates how the display element of Fig.

tig aBlewbidispraycimpasaibmfFiggs. sRtasith@ ofildustihiespoiantitise  display

i lectro , I i ing the period of.
R o e o R e, O DA B of e
topiensicioaptiechichitecele dieoflaid 43 dudrpribiarivecesitage is applied

to the bottom electrode 3. The generated electric field between the

electrodes is higher than the coercive field E. of the ferroelectric material

D wingstheeprericsk eicteingdy dra 1skopaiariz 46 $o gt heapotmitiationlristpulse is
' irectl 10 the top_sur :
R B R, B g8 SBicage s

vlRligs! poishes bolipTthelpoleadiatibn Temainsdrated felasdtictiielthymtween the
YERBILI N IRABPIRGN the coercive field E, of the ferroelectric material 1, so

the ferroelectric layer 1 is polarized so that the polarization points upward (i.e.

the direction from the bottom surface to the top surface. See Fig. 2(a)).

In the subsequent period shown as 20 in Fig. 3, when the voltage pulse is over,
the polarization remains in the ferroelectric layer 1 even though the applied
electric field is turned off. The remnant polarization P, induces surface charges
on the top and the bottom electrodes. As a negative charge appears on the top
electrode and a positive charge appears on the bottom electrode, the positively
charged white particles 5 are attracted to the top electrode and the negatively
charged black particles 6 are repelled toward the top panel of the cell 7. Thus,
the cell displays a black pixel (when viewed from the top of Fig. 2(b)). After the
ferroelectric layer is polarized, the polarization is maintained even no electric

field is applied between the electrodes 2, 3. Therefore, the displayed image is
maintained without the electric power.

Subsequently, an opposite voltage pulse can be applied to the electrodes 2,3,
reversing the polarization. This produces the state shown in Fig. 2(c) in the

period 30 on Fig. 3. In this state, the pixel appears white.
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20 electric field is turned off. The remnant polarization Pr induces surface
charges on the top and the bottom electrodes. As a negative charge
appears on the top electrode and a positive charge appears on the
bottom electrode, the positively charged white particles 5 are attracted to
the top electrode and the negatively cha,rged black particles 6 are
repelled toward the top panel of the cell 7. Thus, 25 the cell displays a
black pixel (when viewed from the top of Fig. 2(b)). After the ferroelectric

r|s olarlzed the rizatiop is.maintained eye eIectrlc field is
apr?fJ e%l etvEeh ¥h ﬁ‘ m§ g r}%b %(ﬂg '&ﬁ%‘fﬂrﬁa negatrvety
rctm@dedwdthwltﬂiwlelpamclpevpes|fi*®e$ubbacgt£rmtlﬁ gemmra@sée explanation
v ltage se,can be a lied to the ctro eversrn the
e R A RS T B S T o S qme gt these
dra g B dsithisestpestive ¢heebappeass white. 7 Naturally, in a variant of
this embodiment the white particles could be negatively charged, and the

black particles positively charged. A generalized explanation of this
b diaiehtisthed oe pectisies pfovaitifiereatrtolesrsf angitbatdhesge sign to

R R eS0T R, AP RS 1RO nat the, average

necessary he partlc es of a given Charg
satoeicofdoe pustdbe, itariayge sios iussthifehend Vevagthecalrmmgbtbelour of the

fr the avera colour fthe to
%gjatlve ggr}t?(ﬁé%sg ?ggdg)qo%ﬁv&eré fUrt &%Ssslf) ue%sa%e Sssead
Note that by making the duration of the applled field (Td) suffrcrently

ST, e 1 AL TS S e v

féreoleatritavgdingstipora(Zed abthefoteargest pédirr;iag;e(:br@rffgleﬁare)e at most
HLRS ?dror (e,p%l{esqlg%}tl-?e gg%:{{?ld8§q *}%g Rt oeﬁ'eecl; ncT 'ngg'eaf is polarized

travel ing fime (Tm IS tollBly
before most of charged partrcles are attracted or repelled to the electrodes by

the applied field. The mean travelling time (Ty) is defined by the following
formula:

m = (1/n) Z nq:o (T,)

where n is the number of charged particles, T is travelling time of ith particle to

traverse the fluid element to arrive at one of electrodes.

Although only a single embodiment of the invention has been described in detail
above, many variations are possible within the scope of the invention as will be
clear to a skilled reader. For example, instead of the above-mentioned
arrangement of a clear fluid, charged white particles and charged black
particles, the display device may use a combination of a white fluid and charged
black particles. When the black particles are attracted to the top electrode 2, the
white fluid would be visible through the transparent layer 7 and the display
element would be white. Otherwise, when the black particles are repelled from
the top electrode 2, they would be visible, and the display element would
appear black. A further alternative is to utilize a mixture of -a clear fluid and

uncharged white particles instead of a white fluid.



formula: Tm = (1/n) "i=0 (Ti) where n is the number of charged particles, Ti
is travelling time of ith particle to 20 traverse the fluid element to arrive at
one of electrodes. Although only a single embodiment of the invention has
been described in detail above, many variations are possible within the
scope of the invention as will be clear tg,a skilled reader. For example,
instead of the above-mentioned 25 arrangement of a clear fluid, charged
white particles and charged black patrticles, the display device may use a

ion. o hite flui nd ch ed . black particles. the black
partlcé@zg%a VXE ée;{ #}1 {Op ePecgkgagiwfh CRMiteRG V(\‘}’ Lﬁ'@‘ﬁée as "white”
\ﬁsd)l‘é)mrb’ilgimhethansparehbbiyerg mﬂdhmmsalayp%n@hwudﬂmﬂnatlon is

%%?rcvﬁ‘ %g %1 %Q gé%\ﬁsﬁ%ﬁe andc?lﬁzy %IS \f‘é Sﬁjérﬁ e?N?(,)(L)JIJEJIheatopear
P pp

black. A further aIternatlve is to utilize a mixture of a clear fluid and
uncharged white particles instead of a white fluid. 8 Furthermore,
although the two colours have been described above as "white" and
"black any other pair of colours could be used, preferably a combination is
used which gives good contrast, such as yellow and purple. 5 LLOYD
USE 9 Claims: 1. A display device having: an array of display elements,
each display element comprising: (i) an element of fluid; and
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5 (ii) charged particles suspended in the fluid and having different visual
characteristics from said fluid; each of said display elements being
proximate a respective ferroelectric capacitor comprising an element of
ferroelectric material and electrodes for generating an electric field in the OYD WISE
element of ferroelectric material to polarjze the 10 element of ferroelectric
material; wherein polarisation of the element of ferroelectric material
pladuses an electric field in the corresponding element of fluid, which
qi_splacgsdtlge chaéged&%%gticle_s within the fluid and thereby changes the

appearancepci)?% i Wi¥ent. 15 2. A display device according to

claim lain arnishdhdisiéatretiaseand, espediys sjemantnmotianpalastic

materiglare arran e{i grﬁafi_rst side of the array of display elements, and

the dis%l)aﬁnd%\ﬁ(% flir er%%l&& s a transparent solid layer on the other,

opposité)sidecf¢de maThyied disptnedlethantsic2@uid Axdismayidevieigierent visual
rding to claim 1 or.claim 2 in which the charged particles have a first

?ﬁ%ﬁi‘%{%ﬁéﬁ%&ﬁ}lam ﬁg'saa%ggiond, different colour. 4. A display device

accorderto efadaid displayrekeimeviicbdhegchrygiethi2bepasiglestivavieaoelectric

fi d fluid el t tai h d particles havi
B R SRR BRI D s for
génevhicipthe etectyedfiplaricléwcdmprst potialiechirgadtpadiatepolarize the
g?evm@g? éﬁéﬁ%?%r tﬁgd gp nepatively charged particles having a

second, different colour. 6. E'E'fils’play device according to claim 4 or claim
5 in whichetreerflpiol dsistdam LAfANEDVEIBENt of ferroelectric material produces an
electric field in the corresponding element of fiuid, which displaces the charged

particles within the fluid and thereby changes the appearance of the display
element.

2. A display device according to claim 1 in which the electrodes and
respective elements of ferroelectric material are arranged on a first side of the
array of display elements, and the display device further includes a transparent

solid layer on the other, opposite side of the array of display elements.

3. A display device according to claim 1 or claim 2 in which the charged

particles have a first colour, and the fluid has a second, different colour.

4, A display device according to claim 1 or claim 2 in which the charged
particles have a first colour, and the fluid elements contain uncharged particles

having a second, different colour.
5. A display device according to claim 1 or claim 2 in which the charged
particles comprise positively charged particles having a first colour, and

negatively charged particles having a second, different colour.

6. A display device according to claim 4 or claim 5 in which the fluid is clear.
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|0 7. A display device according to any preceding claim further including
voltage supply means to supply voltage pulses to the electrodes to effect
polarization of the elements of ferroelectric material, the pulse havgl%g WISE
duration 5 shorter than the average time for charged particles to tr WIS
the fluid element. 8. A display device dccording to any preceding claim
which is a hand-held consumer electronics product. 10 9. A display

device according to any preceding claim which is a public display device

n whigk tdmepmpl@gem?e ac&mmgrgdilalwgfmd@‘oﬁﬁée@&mcmnﬂé} fncluding
thod of di information on ay device having an array of

RS SERRLEER Ry leriElEEe R 1o () arSheesfto effec

pfh»lahza‘[cbhl))tlﬂaemdrparttelw Eu&p@l&d&tblmﬁ‘terf alictiaagh ey mmdiﬁgf@l’duratlon

T T T T T -

proximate each element of f|UId to polarize the element 20 of ferroelectric

ateri |on f the element of ferro lectrl material produci
el T A R R G AR R ISR Rl e
ahwget paltictesnashimatediuid and thereby changes the appearance of
the display element. 25 11. A method according to claim 10 in which said

selected voltage is applied as a pulse having a selected polarization and
% durafiodishtaye dehdoethacereiagettnenforpchasgbogpatticiesabitiavierse public

c}l&%lfév%glﬁggelﬂtwhich the display have a maximum dimension of at least 50cm.

10. A method of displaying information on display device having an array of
display elements, each display element comprising:

(i) an element of fluid; and

(i) charged particles suspended in the fluid and having different visual
characteristics from said fluid;

the method including applying a selected voltage to a respective element
of ferroelectric material proximate each element of fluid to polarize the element
of ferroelectric material, the polarisation of the element of ferroelectric material
producing an electric field in the corresponding element of fluid, which displaces
the charged particles within the fluid and thereby changes the appearance of

the display element.

11. A method according to claim 10 in which said selected voltage is applied
as a pulse having a selected polarization and a duration shorter than the

average time for charged particles to traverse the fluid element.



