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*@0002* 5 The present invention reIates to a fIat
Background of the invention 10 Fl at panel dlsplays a@sw
such as liquid crystal displays are suitable in mmmm
di splay letters and pictorial images 15 on their flat
play panel, which 1s ca ectronlc

1 Ferroelectric display device Field of the invention
di S|tol ayI devi ::(ﬁ whi ch d|t spl aystl nmage I [ t

particul ar, e present invention re a es to a

devi ce whi ch enpl oys ferroelectric el enents. m‘mwmn|\“H||m|l
gradual |y taking the place of dcat hode ray tubes

Especial Iy for nobi |kerelectee display devier| di spl aymlml"’umlm“"

of thickness. One of the conmercial applications of gooozx
Fighd bEthedinsghtion devi ces is as el ectroni ¢ books, which

di splay panel as if they were pages of a printed book.
gpsglbrg f;ﬁf/ﬁ{v@nt.oﬁ' fepatey tol&) tpaealagn @nﬁﬁ.eﬁrd@p@gs image
aferphation, Irapertmwiaret’rtel present mzeutldrorelaileattowdqspta@' deMiee which
out line of %ctel e rORI c ink display is as foll ows.

ﬂ'@k?%sifﬁgoﬁ {ets 20 of the electronic ink are
mllions of tiny mcrocapsules and a binder naterial.
Each m crocapsul e contains positively charged white

I OBely charged bl ack particles

suspended in a clear fluid. The m crocapsul es are
di spersed in a binder material and supported by it.
Frat painedl displayst atengradulally daling the place of cathode ray tubes (CRT).

Especially for mobile devices, flat panel displays such 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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of mcrocapsules, and is fornmed |ike a sheet.
Transparent top el ectrodes and 25 bottom el ectrodes
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 corpespondi ng bottom

el ectrode, the white particles nove to the top of the
m crocapsul es where they becone visible to the user.

BAlY LS SForty diifisesosnd BedHantt inf anin HaviBSyregie electric
FéWbt & Bfaib@int bR BRfpl/Edomddes Sihes ﬂﬂmtduﬁ%ppﬂ@at&)ns such as

are hidden., By reversing the a plled vol t age
plestiic paeks. ctr@sfrﬁawqyoof ﬂwelrtgopaeesme eaﬁatﬂseof Fine @hsplayed
e t 0
FRAOET ol Sl TR B PRFE 4S8 b VRetBtol o Mty device
whiph rr@qtﬁl"etbtrfd Powepvier maintairi rEmaimagéewdie @vajlable, the power

i mage. Sinc r n, appl i tion such as.
GPG%HTFPE!O%BEQ%C% m@"e?@ (5 %w %{ﬁ@q’%& %aa@celly-e.
updat es of the dlsplayed 5 imge) is quite | ow, nost
of power seens to be wasted. If a display device
Swimrhaneofdhedaventigniower to mai ntain an i nage were
avai |l abl e, the power consunption of such nobile

devi ces coul d be reduced dramatically. Summary of the
ITheastbEnt iRGertith i irolideenheéwand weeflladigplay idévice.
new and useful display device. In general terns, the
present invention proposes that the elements of the

[ S devi.ce ' f.er | e '
h bR, SRTBIO A RS EAOE. B o e
"cill’tﬁ)léspﬂévlbé oheprisef ferrioeldotria ombaiﬁtbrs and éaodlsplayreleﬁent having a
ferroelectric capacitor can 3|n|ts state Q

solou vdtieh ePRRdE 8 thesRatersadion BiToelecuiccerpaqtor. Since 2
ffér%%ect‘ﬁ@%‘ﬂ)‘ ROt éar?EPélr'?t%ld i‘?é’EfEEé lBIF‘ P?@ém%ﬁonﬁ@* fhe Bbsence of an

arn a 'displayed I mage wt
@ppiiedielecinc cﬁrbldelanlbmdlmenys o thevinventipr cndy bel alyle tohwaintain a

Glenlaves g R SR EanEruih e BRHe) el arent

conprl si ng:

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

(i) 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.
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(i) an elenment of fluid; and (ii) charged particles
suspended in the fluid and having different visua
characteristics fromsaid fluid; 25 each of said

di spl ay el enments being proximte a respective
ferroelectric capacitor conprising an el enent of
ferroelectric material and el 8ctrodes for generating
an electric field in the element of ferroelectric
material to polarize the elenent of ferroelectric

RB Acfaiver PP RapaR oo Tl 8o %, o MBU R BEspByng rfprmation

bh didpag @evies pRRiigng el ement of fluid, which displaces
the charged particles within t |UId and t her.epy

chang@s anay Qishierlayslamentst ﬂ%C"Ug@B[ ;ﬁe'é!es ‘H'E"p”§'“ﬂn

al tergl éh\é?erﬁ Ft.hémarﬂi‘ the invention is a net hod of

di spl glng |n orna Ion” on display device having:

ar r ay(lr)fclfdargedi partitlesrsuspendat in the fluiy asd drasing dlfferent visual
element of fluid; and (ii)

n
gpﬁﬁ&f'sﬁ'g?tﬁoén é@ds@é rended in the fluid and having
d' ffeg'?é‘ ?&hé&%clg@ﬁ‘@r éﬁbl?frigsh'\ﬁﬂtabéom aai élefrlent &f fbh@electrlc

nmet ho udi n ying a voltage to an el ement of
mtendl roximate elemntmfdbwdrm @o!afgeeir@nel@meﬁt af| fgrrgelectric

RBEAF 4 BB o Cgh i 801! A rabuong an

Rdcdrid fieldrinaHe Kon@sponeingadiement bfflaidi Whﬁd‘fEdISplaceS the charged
correspondl ng el epent of fluid, whi cgﬁgl spl aces hTe ,
orsticies) within the Ifid gndniheretie changes ey aprRearasipe of the display
%ﬂﬁ'ﬂ g8s t he appearance of the display elenment. 15 The
arfay of display elenments is preferably

two-di mensional, with the respective ferroelectric
capacitors on a first, sjde

dl r@,@mgofsqiﬁglayoq@ﬂegp ﬁr@?g@%‘p WPrfoFté&'@?ngl SBit e respective
fERbSIBaIRNEapatitofs |0 &' firsPRidd10f Wh& &drray RPQRsHIy léMents. 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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of the array of display elenents. 20 The el ectrodes

may be provided as a separate pair of electrodes for

each ferroelectric capacitor. Alternatively, one or

both, of the electrodes nay be shared between nore

than one of the ferroelectric capacitors. For exanple,

a first electrode may be arrdnged to provide a first
voltage (e.g. ground) to a first side of a plurality
Aftetneglvem thesedoay iconriseewncharaed paricles hayiaged secend colour,

¢ . oY .
BIBEER A e i B AP M0 R LRSPRE L YAy B86RA G . clear
pol ari zation states of the plurality of ferroelectric

| ements can be contrglled by controlli t he
Aedtvpye s Saaed Reriries Ay be 58 cliferent Gelgifs from each other.
TP e, 0 xergag Il Hhp dogbase o9 il o, posioly
charggddpartictes hasingrayfiral colpir, @nd: negalively elarged, pastieles having

Bsstbon Pl Ih dibicr? (& RufiTRey ok Gaestént dnd without colour,
Abt 65 BRigrvel y, there may conprise uncharged particles

havi ng a second colour, different fromthe first
colour, and the fluid itself may be of any col our,

G189l @mof BPEIAYEY Hidbla) RER B89 RASEbGIASA oM the fluid

r
ours each o
elempnts, of tdtkercdisplpgcelpments: | Alternativetygthe ified elements of different

consi st of, positiyvel harged particles havin
display elgrpants may }ﬁ?@gﬁt ol 30 @%%F'%W'rrble@§ﬁh§\li‘ﬁﬁg|n some
ﬁﬁﬁm? | L i I y . .
t% rans parggfr;st? fgﬁg x\?mh{bthédﬂﬂth%c@@gﬁ?,é%inge%%eggl %‘grsfe"fo" o_I_rH%ns of a
fsheetiskkd e fluid fboaygianeh thie sgilanged | particles engybbe able to move
epar at fromthe fluid elenents of other display
zﬂegﬁ%‘?ﬂ 3%%%@%?!%@@}?- the fluid el ements of
different display elements may be in fluid

comuni cation with each other. In sone enbodinents,
tho furthetnpossibitityeist fani theefluidesiements, ta dedrrierecapsules, which are

' - [ t he
ey ees Qsrter L ER FBA0ERY I ¥ sl HetoBohct veen
different fluid elements. A further possibility is for
the fluid elenments to be m crocapsul es, Y\'hi crfll ,’;ge
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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t hensel ves di spersed and supported in a binder
material. 20 Optionally, a given display el enent may
contain multiple fluid el ements, each containing
charged particles, and all within the electric field
of the ferrocapacitor. The invention is particularly
useful in the case that the dbsplay device is a part
of 25 a nobile device (such as a hand-held item of

Peefsundr featwesr ohitke)inventione wilkingy thee deserdleed, farsiheapake of
Eplsfer Gl e RELOREPRIRG, el o' o

use as a public display device, e.g. for displaying
an advertisenent such as electric poster ich does. . . |
higt 1 dguRree lﬁel’ﬂe%ﬁﬂa?iﬁi'ﬁp@y 9%@%%@@2 gdgvigei which is an

t@ﬁgﬁ?hﬁéﬁp&tﬁg "ﬁﬁﬁ‘t%?w ngs 5 Preferred features of

nvention w now be descri bed, for the sake of
illustration only, with reference to the follow ng

R AP ehz berali et biboias OF HECIerfpetectic Byef of she display
eferhdit dfFigM;ion; Fig. 2(a) illustrates a polarization
process of the ferroelectric |layer of the display

element of Fig. 1, 10 Fig. 2(b) illustrates how the

I 20D e BB g 1y By HIe o ) BEPIlS f bigek pixe
Fig. | displays a white pixel; Figure 3 shows the
FioLe1206) udtratne B becforlRG slaraptig Fpcheiapias Figite pixel
1, and the optical density of the display elenment of

Fig. 1, and Figure 4 shows typical polarization
Figyrer 8i shoufs fiee r palationiship beiiveenaltse applisst agleelic field, the

4T S AT IR T b PRCSR o v
Afsphayeletiet 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 includes 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. |t 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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of a ferroelectric display device which is an

enbodi nent of the present invention. Specifically,
the di splay device includes a two di nensi ona
rectilinear 25 array of display elenments (pixels), and
the cross-sectional viewis in a plane perpendicul ar
to the surface of the display6device and including one
line of the pixels. In th pix

. , h i
A6 15 PHROPRNTIEPRUNYIenediatde ang URGToBlIena (PYDRTIFE))
Ritéﬂatﬁﬁ&c%ééﬁ;pﬁt%@ iuohnj BpX ing‘M) P! o?egrnBjnlt'%)g (SBT). The

arrange erroe ric yer
bbtormr elbetrode 3 Bt shateed betwdmm maltipfeapeelanf baledd3dhe upper

sleckide Zsc gl B JPimed ¥ Brfine Srteirig B s digction into the
baﬁé Ué’rﬁﬁeﬁ@ﬁdﬁw'g\’tﬁ?d/quﬁw% P&brse particles 5 and

negatively charged bl ack particles 6. One suitable
material for the ferroelectric 6 layer 1is a

PR Ve Nl<E2s, CoMadsangt FIE 8L 1812kl LsGABEL At display
Blodnent@r K'gZT)'S %'és't@'d%mfém)on 'th? 3 lspiowenthe profile of the

el ectrode hared between nultiple pixels. Indeed,
pﬁt;er@aﬁeapplené@tth@@éecﬁrosﬂps?o Iiringethioprasesss a |ine

extending in the direction into the 5 page, and
extendi ng through nultiple pixels. Fig. 2, which is
Ownipgthd pmhoEicg‘slen@halfd stoovdf a3 ,10 inl kigt 8 a8 gositive vditage pulse is

ghg@?% ﬂ'}?ntOPF? t?gd% ,?rq«gucp H‘éc%? {m fltgd%f,saﬁ'ﬁa 4 negative voltage is
?bﬁ?éﬂ 'té"tﬁea@&brﬁdelbetré@@ *l 'ﬁ?é fg‘éﬁiluére\?ied %I@Hfricnﬂelﬂhbétween the

oCess. During the period fg shown as
efecltnoges:%s h@méham Jiee woetmﬂ@dlléceo the f@ﬂplelenﬂnc: matereal 1, so

d th
Wb TReGBF dad i PalsBrpd oo Bet e BelergAlics daintsipwerd e
the ditsctieomitAg bktOA éuﬁacfé ® thehiep WaFBcé NBee Fig. 2(a)).

el ectrodes i s higher than the coercive field Ec of the
ferroelectric material 1, so 15 the ferroelectric

VYR, el uRA PRAGEIn3Rr 4000 1B, AR e s over
tHie p‘odmlzslnbhatemalﬁeen Fthg fea'be)éctrld haytein et Sewles\eﬂmgh the applled

rcgﬂ(fl‘gflgr&olmu%sedz off. Phe rgmnant mgﬂzétpoen r md%%es surFéce 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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the polarization remains in the ferroelectric layer 1
even though the applied 20 electric field is turned
of f. The remant polarization Pr induces surface
charges on the top and the bottom el ectrodes. As a
negati ve charge appears on the top electrode and a
positive charge appears on th& bottom el ectrode, the
positively charged white particles 5 are attracted to
the top el ectrode and the negatively charged bl ack

.6 I .
R8T R LS kGRS oBheippsvel
mhar«ged fandnthehtslatio pactfclds gosﬂ(léi)/)chaﬁgechrAtgwerallzed explanation
Eitie amkaropet Eribers Sed pricles, aftyol RN oolpusbr ke fpat these
hBge ?65&@ e%twe?’cngfg%rﬁ ,spg e t he displayed inage is

mai ntaf ned w thout the el eCtric power. 30
Subsequent |y, an opposite voltage pul se can be applied

ok U5, LR Bponsd A . 4fcBBLG4 e Bharce i o

mvé %i(a'éﬂxlaﬁe’:eeﬁne%olétﬁk tiRstead! &t may! jost Wﬁheﬂhﬁﬁ@hé average
white turally, in a variant of this enbodi ment

catourief the pasltlve paﬁlm$hptﬁ@ baeatifigrent from theavasage gatpur of the

n3GpRVE PR, isetreBgark At RS SEAENERE

of t wo di fferent col ours, and that these 5 _have

BRI iRt S e ol e

5EI‘\é”r‘n gh trQ@é‘Iﬁnﬁ K o} Bleth%aéf?arge{j gia’rtlcleé‘f(ﬁga% r‘nb rHé\/at most
ust be true that the average ur p05|t

rlmlft ofcTas osatuindsba qudrter ehil ),r the fereoedeciriadayeroll OISr polarized
i rticles.., See ,bel ow

Dotponest pEeaioe rdities ars stseaephi, FRp TG kb e ifigtrodes by
dhé aé;i;fnedOffelahqh@pméa?\dtrfavahﬁ? (thee (smf)flscwﬁﬂéov b%/ the following

shorter than the nmean travelling tine (Tm of
domnglead particles (e. g Td may be at nost half of Tm

or at nost , the ferroelectric layer 1
is polariz @12%‘&& ei= of charged particles are

% g%{je g{wmgweoﬁ%}ﬂ{geé g\%éqech%:é ﬁ@v%l){lﬂg thp%e of ith particle to
defversdtrevidid @IdrRbhtay dtflve 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) Y "i=0 (Ti) where n is the nunber
of charged particles, T, is travelling tine of ith
particle to 20 traverse the fluid elenent to arrive
at one of electrodes. Although only a single

enbodi nent of the invention has been described in
detail above, many variationg§ are possible within the
scope of the invention as will be clear to a skilled
reader. For exanple, instead of the above-nentioned 25

rrangenent_ of rflui |t Fid €} .€Se “whita”
BheREEp e ol e tolals Al HREpUr ol At elSs “white
4Ag “_BIa@R’fJ’Qiriyfﬁth@ﬂ%@if' oficafbutscilltibe wsedl, phefegstsly abdambination is
particles. Wen the black particles are attracted to
used wijicregives 9o0d contrash sughiasyellowi andBuIRiE-be vi si bl e
t hrough the transparent |ayer 7 and the displ ay
el ement woul d be white. O herw se, when the bl ack
particles are repelled from30 the top el ectrode 2,
they would be visible, and the display el enment woul d
appear black. A further alternative is to utilize a
m xture of a clear fluid and uncharged white
particles instead of a white fluid. 8 Furthernore,
al t hough the two col ours have been descri bed above as
"white" and "black", any other pair of colours could
be used, preferably a conbination is used which gives
good contrast, such as yellow and purple. 5 9 d ai ns:
1. A display device having: an array of display
el ements, each display elenent conprising: (i) an
el enent of fluid; and 5 (ii) charged particles
suspended in the fluid and having different visua
characteristics fromsaid fluid;
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each of said display elenments being proximte a

respective ferroelectric capacitor conprising an

el ement of ferroelectric material and el ectrodes for

generating an electric field in the el enent of

ferroelectric material to polarize the 10 elenent of

ferroelectric material; whereBn polarisation of the

el enent of ferroelectric nmaterial produces an

Clammstic field in the corresponding el ement of fluid,
i ch,d rged particles within the

}j\hw dA 4@&?2@%&&?&”@1@@% t he appearance of the

di spl ap arﬁy&ﬁf&ﬁépla%@le&nepﬁsﬂéa@i digpkiselemeat comprisipgt o

claiml in which the el ectrodes and respective

el emefil an glemept ffluiditand naterial are arranged on a

first 89 %ga\; cetdf%ﬁtr?lﬁée :s%}é Qﬁd%iefrpltﬁ’é/ flﬁloeﬁﬁﬂtrfavu?d‘@hﬁé?ént visual

di spl s a transparent solid
chymctaristich éronmt baid, fluighposi t e si de of the array of

SI Zle% eI glgiht aisg?q%/nzl&mpééﬁ' ?)El e r%s(\é"géte %g%?é%h&g foffoelectric
§§p§c|ﬂ)rf¢drﬁbrlﬁﬁb0é‘rﬁ elér"rh@ni ke fetrderbchis n@atéﬁéloaﬁld electrodes for
ent col our . spl ay device accordi

ng t
generatingan elestria field in Wrﬁ elemend of ferraplectrio snafgrial t@l Rejarize the

At e Rbp Bl 1o ccona, o 11 erent

col ouwhebeinfpaladisition dfethiecslement bfl fergpdlecteitanatetiabproduces an
claim2 in which the charged

cles ¢
ﬁ&ﬁt&@ 0elwndharcg>é@seandms|%@mﬁggpﬁﬁu'g wW&nE@Bfa&@.s the charged
r
B8 R Tl SHY GREoA A5 4 i ghrcar b he cspay
eleahenid or claim5 in \NhICh the fluidis clear. 10 7.
A di spl ay device according to any preceding claim
further including voltage supply neans to supply

vol t age P8¢ Sddvicd *‘é%c%hﬁﬁ?rt%d%ralr‘noﬁfﬁ ®fich the electrodes and

pol ari zation of the elenents of ferroelectric
mespedtixe, clementsi b ferrepléctrc anateriak anarranged 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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5 shorter than the average tine for charged particles
to traverse the fluid elenment. 8. A display device
according to any preceding claimwhich is a hand-held
consuner el ectronics product. 10 9. A display device
according to any preceding claimwhich is a public

di spl ay device in which the diGspl ay have a maxi num

di mension of at least 50cm 10. A nethod of

di spl ayi ng i nformati on on di splay device having an

20 gl AR S AR E T o B0 i
Wgatgaef'sagﬂﬁuﬁrwm@ﬂb isupplie vbltagel pulskshdvithe dicctredestto effect

f id fluid;
o e e o thi et P sl 4 duratin
ShE e Bl AL ot lcle @/ PS4 166R oloment
ferroelectric material, the polarisation of the
Bl cot s PR APViGe ARG s pon ATSRSRUICHENT C g ahand-held
}éﬁh&ﬁng} él@hﬁ@ﬁ%s drGu&har ged particles within the
ul

_ and t hereby changes the appearance of the
di splay elenment. 25 11. A display device according to

ol 8 sl JelitecBbierdiac it Ey, BiecBiifg SaifffhicH 8 public
Apldyedetidanin WhchaYies alisplay raveos mbginged diménsidresf at least

to traverse the fluid el enment.
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 display device according to claim 10 in which said selected voitage 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.



