s

. (3§71
SV e e IS TR Sbomrn i 5 = e . e :

e~ .

-1- 2071896 M NI ATURE DI SPLAY DEVI CE The present invention relates to

mak ¢ $0 possi bl e to produce display cells which can be used in particul ar

i n bat’t ery- powered portabl e equi pnent such as electronic 5 )

calculators and watches. The invention also concerns .a proc%

produci-ng the m.ni ature di splay device. €dnsi derabl e efforts have been nade
to discover and devel op display systenms which are aesthetjcally pleasing,

whi ch operate with a | ow supply vol tage, which have a very |low |l evel 10 - g
of consunption and whi ch can be prgINJAZURE MISPBASIDEFIQE Liquid crystal A
di splay devices fulfilled these conditions until the consunption of -
el ectronic circuits, in particular CMXS-type integrated circuits,

fell to such a point THeapresentcdnventiohi xalagest te adm$piatyurd edi sy alyodexieeal |
consunption cea . negl,i,gi «.aMreover.. actuaiion of such
devices is corrp?’ggc{‘iglc#) ? %éé%%or?tt? 58 aq'z%kdéjééer%f ﬁgt?%a58¥ﬁ5l} é’ﬁ‘f‘egr F ReESH Ray s
anong the best. tAnprefutes gispl ageve as whikic kahave weldoin [parel culfarpaner
consunption, neptj Ty de gf. t Whikgh is known by the nane "The

Di stec Systent a%gg%ag%ﬁ”ggﬁﬁﬁf%eled%uﬁ‘gﬁt 20 Suck"Rd fnleéf”é%‘?’rcost atic Sign

- The D §tec SyseéaiilaterR #dkenrtciispl e TeventiagplSorqncEaperd processal . ,
USA. This devi ce,lLs,Usfd, n advertisi apel qr_sign of large

di nensions. It CSJI:T;?I seglﬁi uee:smfloartr‘%% %%pgﬁgt%eevgcﬁénbers whi ch are
suspended at one axi Sopgifierapdeneffrarts kave hberx magdeete ajiabbeswfandot at i ng
under the effecy . (I Le L i by.a system.o

el ectrodes. Theegeg]hotpr gfsgj:')ﬁa%&glz%s giﬁ%rglo% trL'na ecejﬁt%egbﬁ%ﬂ o?g %’esa.s%g\fve"\r'ﬁe cfh it

has never, been Seggptst @dth mtlowhswpdysvelihage gvhish bakapiacderyn lowdbevelo

provi de gom ni apyr &, di LN ho t |t ekl 0L odyl at.ing

devi ces are al so knom@?ﬁ%\#ngse M%Qd?g%%&r%gng&\?ﬂeghg‘éerlg’de#lb?uﬁéibl e
under the infl uentetadf daspkavedeviessl falEldedr thaseckeorndittdondearhidntherhi ch

can' be produced by Hp3ass Ys g‘&{aé&%igeéﬂéé%.dtté! om t he C%r%ggs#eiro'&lﬁé-t e .

integrated circuits. "Such nodulating devices are des or exanple in
US patents Nos 3nEGorareg ekrrustggdedlote suge 4 ipodptpihadntheli spitytiestisn

devi ce of the display device to overall consumption ceased to be

a nr) ure display device which is electrostaticall’y operated and which

15 negligible. Moreover, actuation of such devices is complex and

the cdntrast and aesthetics thereof are not always among the best.
Among display devices which have a low level of power

consumption, mention may be made of that which is known by the
name "The Disteé Systém" and described in the document

20 "An Electrostatic Sign - The Distec System", W R Aiken, Display
Technology Corp. Cupertino, Cal, USA. This éevice is used as an
advertising panel or sign of large dimensions. It comprises

" modules formed by shutter members which are suspended at one axis

by hinge members and which are capable of rotating under the effect

25 of an electrical field applied by a system of electrodes. The
control voltage is approximately 3000 volts. However, it has
never been suggested that this system might be adapted in order
to provide a miniature display with a low control voltage.
. Light modulating devices are also known, which use

30 diaphragms which are deformable under the influenée of an electrical
'field or an electron beam and which can be produced by means of
methods derived from the production of integrated circuits.
Such modulating devices are described for-ékample in US patents
Nos 3 600 798 and 3 886 310. The first patent discloses a device



$

- 2s Wmch makes it possi ble to nmpdul ate the amount of light transmtted by
def®rmati on of a di aphragm or nenbrane under the influence of an electrical
field, while the secend patent describes a device which nakes it possible
to rmdlfy the angle of reflection of the 5 l'i ght, by deformation of a
di aphtagm under the effect of an el ectrenzbeam However, neither of these

devices is a di y _devige, the rrpltueof e nove e di aphragm
in hoth cases b {?glf 3%‘3??5%'&3 %‘u Bbat?l % oﬁ‘mogﬁge%gdllf' %hﬁxafll g t'tq 2
sour ce being nemesaeffbymaﬂ:&n of a d:.aphragn obmeab rade tdnéeprte&emhflueneetai)n S
to prowdeamnla ur pl.ay, devi ¢ ch ha averylow

consunpti on, whitif SF as e%lf:‘g iu contsfeacs é%té’h: %esecrra §§ i h’l%el
supply vol tage vﬂmibhvvhalodss danpdsszsmrledtmeddﬂ\fy rthehmglecbﬂofa:ﬁ;yctmmlo\fetha n
nvent i of t her oty B SRS rBSEAaR S b S apmom, R cBY fFsklcof SRSCT
plurality of sheﬂtqmommrs Haweivay, rmtthenos:f[ @hsse ewheas 1Sheydlcsb1lely ate
one or nore cavij a e arrler
by two rosi| | ent4eEschng sHELLLRE 8P LRRGNIRER% S HEPREGR a0 ] BB
shytter nenber,cases hei-rw:rmemtsnaaﬂlm rfge t preovd Ao et n@rmiﬁltu-gnalurlmglabout a
torsion axis bug %% |ggir}£5§& y to bias the shutter nenber back to its
rest position, means su j Cting each shutter nenber to an electric
fighd suth as to caude tlectrephdhetprasenh irnveotdon dsstgbsprmvifala angl e about
its 25 tor;ai R BHL Sut oSy fbei b0 SRR 8 GbIH1Bk IbeAChEON.  ContT Ol
of the shutter nenbers is sinplified I nsofar ey are returned to their
rest position b‘iPTlSWEPqufbsWM@hﬁ’raﬁ%hﬁE?ﬁ]sle%ﬁl ’EQP‘?TGFP(? abich eRRYSHRS ng

means. |n addi t4QR at i&s Qﬁzﬁﬁﬂ Rlc2 e % e A8 ABMIKCRadineBrbiuddiewpdyantage of
having a very. 30 | 'evel contrast, of operating with a low

control vol taget%mPEh°%y-nU@l%thn%kﬂfé‘rﬁﬁicalipé?%‘?eﬁgch?ﬁ?%r chis

conpati bjg with the xeldRE85 €NcaENbsedei thwatiab BebatiLhyopomy ad -
equi prent.. having a very low |level of power consunption, being of pI easi ng

aest hetic appedi®ie §ur?)é1‘ﬁﬂ-?¥ rﬁ’&"éc"v\ncd’é‘PE:iﬁ)‘ln@ea I?.J]fur:?élty of ghvteare

colours and matgubaks Kfinghesih gbé Btondei &ihd.ch aftbyh ab Lk teX 66 |c&nfnore

Iong termstability in respect of the components
cavities in a carrier and ea elng suspended from the carrier

by two resilient attachments at opposite edges respectlvely of
20 the shutter member, the attachments;allow1ng the. shutter member
.~ to turn about a torsion axis but acting torsionally to bias
the shutter member back to its rest position,and means for
subjecting each shutter member to an electriq field such as to
cause the member to turn through a substantiéf angle about its
25 torsion axis, thexreby to cease its db;urating action.
Control of the shutter members is simplified insofar as
they are returned to.their rest position by their resilient

attachments which form a return spring means. In addition, the

-~ principle of the device gives it the advantage of having a very
30 high level of contrast, of operating with a low control voltage
@ which may be continuous or alternating and which is compatible

with the voltages encountered in poftable battery-powered
equipment. having a very low level of éower consumption, being
of pleasing aesthetic appearance, permitting a wide choice of
35 different colours and materials for the shutter members, and

having excellent long-term stability in respect of the components.




-3- The invention w1l now be described by way of exanple with reference to
> e acconpanying drawings in which: .-Figure 1 is a-diagrammtic view
'ugtrati ng the principle of a device enbodying the invention, 5 :
\’Ffgure 2a is a sectional view of a display using:the device of Figure 1,
Ahgure 2b shows an alternative formeof the. enbodi‘ment shown in Figure 2a,
+igure 3 shows different possible enbodinments of the. 10 shutter nenber
~attachments, Fi gfPe nveRsiRn (il ivhBe oies FEPed WpAE A% ¢RIt | i si ng @
devi ce enbogyiNGekbfeddaV et #1RN ackingpahpsnd drawingsshawiiw:states of the base
plate in the course of the different production steps: each Figure shows at
15 | a) a froRt9¥ew, T8t FAgEIPREL6i BRYah i uRtreFag S86ti onal vi ew seen
fromthe siﬂﬁﬂa‘ipubgéﬂlaaaﬁvidai ghﬁ&iylilﬁgShm/\ﬁ'nﬁﬂmﬁnshﬁdi ment de aI -
seven-segnment one- digit display cell,. Figure 15 shows etail_op an
enl aPged scal e of *EYTfuAE ’ﬁl,?PfﬁXtmnal view ofi %Lfi@?li% O¥s Hh €eFESH gnat i on
of the segneptrigakethe seven-segnent di splay shown in Figure 14, and Figure

17 is the block-circuit_diagramof, the control neans of .the cell of Figure
L. B gure 1 ShoRk oSz PR A BT e £PF BT A SBASE | O deui oo

-enbodyi ng téownnianFigure 2480 insulating carrier 5 i.s provided with cavities,

3 of rectangul ar _shape. utter nbers V1.to V4 are di spased above the
“cavities and areFheY t3o§{l?|wes %F%reern%p%sys]iptél?i?r?beon m%&sa(%%nﬁ}ﬁ neans 4. In
- the 1@st coshlittteenpentddrusttadhedntd, 1, the shutter nenbers V3 and V4 are @
parallel to 30 . h e of the ri nd..obt ur at.e -t he .cqtr espondi ng
cavity. On the OFﬁ%‘?}%gn%g\% tgﬁ pe’{lélg Sjl"ecé’%’ F’?e?pdzggaym‘?aé‘h i%uslﬁ'%é?%nt ially
per pendi cul ardstvd ce henkpidgimeg dfhet bevegdioner i s applied, the shutter nembers
take up an orien ' L ' - | all a t | l'ied '
field, thus open%‘%ﬁ%%e‘g@%ﬁlgs%%%g?%%a%%&s ng%\r/el %égé Rﬂ%ﬁéhﬁ‘s%ﬁgl ustrated
at 2 for shetunse a€nther ditferent neoduction |sitepe: mmchebiaredshdws athe

ori epy ati onofy agn kel i BILE I ACREANSnETL N 5! EERaP vkNE

el ectric e return
o ~seen from the side of the'plate.

Figure 14 shows an embodiment of Q seven-segment one-
digit display cell, ' _
' Figure 15 shows a detail on an enlarged sca’lg’éf Figure 14,
20 - ‘ - Figure 16 shows the designation of the segments of the
' seven-segment display shown in Figure 14, and |
Figure 17 is the block circuit d:i;.'agram of the control
means of the cell of Figure 14.
Figure 1 shows a diagrammatic view of ;;_)art of a display
25 device embodying the invention. 2n insulating carrier 5 is
' provi.ded with cavities 3 of rectangular shape. Shutter members V1
to V4 are dispos_ed above the cavities and are held to the carrier

5 by resilient attachment means 4. In the rest condition,

illustrated ét 1, the shutter members V3 and V4 are parallel to -
30 the plane of the carrier and ocbturate the corresponding. cavity.
On the other hand, if an electrical field E which is ' »

substantially perpendicular to the plane of the carrier is appliéd,
the shutter members take up an orientation which is substantially
parallel to the ap‘plied field, thus opening the corresponding

35 cavity. This is illustrated at 2 for shutter members V1 and V2.
It will be appreciated that the orientatior; of the shutter members
depends on the _strength_ of the electrical field E and the return



4 torque applied by the attachnents 4 when the shutter members have noved
out of their rest position. Figure 1 also shows rectangles Vf of the sane-:
shape and appearance as the shutter members V1 to V4, which are disposed 5
on the carrier 5 so as to be:in a regular arrangenent with said shutter
nenbers The attraction of this arrangenent is to give aregular
appearance even if only sonme regions of Ghe total visible surface have to

~be capabl e of aé:t Lll\{lgtéorheghg GaL ré@tac? dend HeSHNEGRRAHGERL s LR i al

such~10 utter nmenbers conprise at | east
one | ayer of semx@dndurbtafr ﬂmi:emeat md)tmn-rret al . The attachments are nade

of metal, which my BE-8Q 340k SASH GABJLENQL GF AN AL Lhapd bhabe

appr eci ated that the afiteren corrponents sted ve are by way
exanpl e and ot hempeaBance asc the Gharter @meelrsalvéot%é’%swlc}’a§rw ‘IhISPBée%een

her ei naf% er. %’)ﬁ\éﬁ%oﬁﬁfm&hg gdidrgjat J.xlx'rgj%?ﬁﬂls 02 AdrRAt i i thSsaid

I nportant that ow ng conditions are fulfilled, nanely:. the carrier
nust be insul atshwfter heenblens erTheeatises them ofc ip? jarsangeneaisis £ongi & | al

h di el h f f-th
having a di el ool N AR Chebch diel boheBbnd U 30s of wnt hajeatl L he

sposed, and the attachments nust have an
apPreci abl e deg;[irJ@(-:l-béHE sunfiace drrve. tFlHﬁJFéP%lq efaagdyptéPmd vi ew of part of:

a display device Ut'@é'&&rwf PLENGI 88 Qfsemgomﬁsetmaﬁmmléu&hand
pr53V|.ded wi th means for controlling the shutter nenbers. Figure 2a again

2 Bhows tafe sdaieemrsgernanivns gy FRideTmehers, ERHIGFeR" W23hd t he

shutter menber sod Walbr td¥ekbnd &hidhb &6t matd AGHMBREfoA me TRE, CAREI €r 5 IS
fixed on a transparent plate 9 which, on its upper face, carries

transparent el &¥tacHERNTE REe PRl éfoq‘eétﬁ&se"ﬂ’ifc&ci"% Kenan std¥er nenbers V

while, on its |QuRlkoh@&fort BE £ 3kead. has W1 be a@ﬁe&ﬂﬂedl@h@f: et eri al
for absorbing light. A second trans arentod%i ate IS dlfposed above ¥he
its

shut ter nenmber sSEFFGTRRE Fogponents; Linied r‘?&eb?/y IBACRF SHENBLT <
lower fape, thecdipahénts f&manalaloesé n.@da Gas\hiith B saleﬁmetzreanapearnent and
which is common_to alldé nmenber

V. B h 5
transparent pl HEEEEn °8'T’Iées"st Hﬂae’f ﬁgng?’%%ys%"?%njt fispar i

that the. following conditions are fulfilled, namely: the carrier _
must be insulating; the shutter members must comprise at least
a material having a dielectric constant which is different from
20 that of thé medium in which they are disposed, and the attachments
must have an appreciable degree of reSLliency
Figure 2a is a sectional view of part of a display dev1ce
utilising the principles of the present lnventlon and prov1ded
with means for controlling the shutter members. Figure 2a again
25 shows the carrier 5 with its cavities 3, the rectangles VI and
the shutter members V with their resilient attachments 4. The
carrier 5 is fixed on a transparent plate 9 which, on its upper
face, carries transparent electrodes 7 which are disposed facing
the shutter members V while, on its lower face, the plate 9 has
30 a léyer 10 of material for absorbing light.. A second transparent
plate 8 is disposed above the shutter members and held at a
suitable spacing by spacer members 11. On its lower face, the
plate 8 has an electrode 6 which is also tramsparent and which
is common to all the shutter members V. By way of example, the
35 transparent piatesS and 9 are of glass andw;hé transparent
electrodes comprise films of tin and indium.oxide.
From the electrical point of Qiew, the mode of operation

of the device is as follows: in the absence of an electrical




¥}ctrodes conprise filns of tin and indiumoxjde. Fromthe electrical
: _[gzgiint of view, the node of operation of the device.is as follows: in the
ence of an el ectrical field between the electrodes 6 and 7, the,
tachments hold the shutter nenbers parallel to the plane of the carrier
5. Wen a direct or alternating vol t'age' I's applied between the common
el ectrode 6 fieddtherwekacthiededtr@et 66 AR 7N OtHeO adtitRALSs MEler 5

menber, the electrical field created between the el ectrodes induces dipoles
in the shut ttglﬁ ?r}té%teerr ?’%mbqeﬁgs{’?%aﬁ‘&egh $ Blr%(??né’ea"%ﬁﬁrt ant torque =
whi ch causeghehea stiveterormatberndting Woltabeuis tapplbad belidedttFhe i dcimon
resilient attachpents. shutter er turns. until the return torque
‘due to the £0°° r"O‘P‘er %sﬁ‘;ﬂl—g‘%ﬁ %#tcé%ﬁﬁ%n{ §°5’é?%ﬁ?6‘§§n? He® & 8t1s™ ERYFSRY nduced
torqg¥e. The mehbeterthecabmrtsithk rfibadecreatat odtveangthd elédtrides he nmaxi num .
since the el ' . | sa rs at.that angle. In the rest

posi tion, tﬁgaé%{?dépg%%g’r ghev ;@ﬁgg%r SPEPEhe ??’Z?é”aﬂber{e gn, like the
rect angl es Yreduaindeet redulitsnt dldrqoé wHichi atusdenthé isphittdd memberLi. On the

ot her hand, ,n.{. Lvated st h hut t.er. nbers. V open the cavities
and permt tthet%ﬁiagg%{t: |eg%ff% %ngu%}bg&rg b’éedglgfi e?nﬁeaﬁ%gﬁ?e’i 1S s o
appar ent t hghuttrr meyber ¥Ouwhssunddd dfe breitnzp diosqubide eouthd be refl ecting -
—and e shuttgf; iibs bhe L &ectang A cqovered. with a |ayer of
absor bi ng nat ertar. _ZE&MHEH& Anottﬁgrég%v%tﬁ ggleyo TR ARFHHEPRE®: is shown .
in Fi gure 2Bhershititen rembersat thexrnifore sogate nthrangh GQ hetethe tikfoume 2a are

denoted by thgcsam éfé@éﬁ@&fsﬁ?ghﬁetﬂépﬁééﬂ 1t LyG Taﬁégé,[ei‘%hﬂ?h”“er

menber V-itself forms one -of two el €ctrodes requir o produce an

el ectrical FPeF@Posikéonn Hbe Prutder BEPFTS ¥reloganpfe the cavitiearande then,

deposi ted onikdeher 20sRMEEE W, aterfhetdalhdsd 181 CoASH Ufﬁéi%néhﬂ]"@ti n .
Figure 2a. In this case, each*shutter nmenber V wil|l advantageous be fi xed
to th® carrfbr pihe herdhandyt iacHifeAcsivatieghstate atheyRydtsex h one of t he

- sides of thsefbusist 97 opETRAE . cdvl tidd SandPpeshit the ShuLbeE 1TRbeLs pY can be
conpletely 30 etracted wiithin the cavities 3 and the overall | o
t hi ckness o?b?cﬁ‘é’egeéY cté‘e_wi&FYe”o&or edifc&8. 2PPATEREhthate theeliyers1Q atnsiread
_connect ed t ofchdiery ahsotfing fonld bheraflerbing|aaat £05)&huTheY eabe:d 50ahe
capabl e of Qelng dadbyidua by addressadnand then thg el estrodes 7
20 Another advantageous embodiment is shown in Figure 2b in
which elements which are similar to those in Figure 2a are denoted
by the same references. In this alterﬁétive:form, each shutter
member V itself forms one of the two electrodes required to
produce an electrical field; the other electiéde 7 for example
25 can be deposited on the transParent.plate 9, as in the
construction shown in Figure 2a. In this case, each shutter
member V will advantagéously-be fixed to the carrier 5 by resilient
attachments which are.aligned with one of tﬁé'sides of the shutter
- member. In this manner, the shutter members V can be completely
30 . ret;acted within the cavities 3 and the overall thickness of the
) device will be reduced. The shutter members can be connected
- together and thus form the common electrode. They can also be
capable of being individually addressed and then the electrodes 7
are connected together to form the common electrode. It would also
35 be possible, 1f required by the application to have both electrodes.
for each shutter member individual theret;:
. The dimensions og-the resilient attachments depend on the

maximum torque generated by the electrical field, it being known



are connected together to formthe common electrode. It would also 35
be;possible, if required by-the application to have both el ectrodes for
-each shutter henber individual thereto. The di mensions of the resilient
attachnents depend on the nmaxi mum torque generated by the electrical field,
It bei ing known -6- that the torque is_%_t_a maxi mum when the shutter
rrenber Is approximately at [err] and that i s approximately equal to the
el egtfical energhapethe adraue dscatns aﬁ&mumwl:lhle thel ahettexeperkdsyx &sconpl ete
revolution of t :peé[g) o I t&g nber which
Is 100 [err] i nQl g{;.’%&%avﬁ%ch |g§d|;s%fg?é?jé |qr11: glsrapgrfgxgméa%gg | nageflel d of
[err] VIm the MXi:hmmltegtmf@ll enettgyupef etrad]l-aNmC{Pem&Wetd én thengehunsf t he
shutter, member . suIbe §PRdmA0RL | SHIREERSES Y halletieilic T | dbr
err e

menber is at an ang return torque of the resilient
attachmedts 10 a shupfies mepberoyhich iR l%mxnrf'mﬁth@)r‘tmé?hp%—%cﬁ}éédsﬁtﬁ/ iphe

electrical field;$0,a8 hach@nll b Sl GF e HRhalthe TRYSIRAL t@:{? wbNgs shubter
menber. Good resultsiafe obtai ned when the shutter nmenbers and the

attachnents are ‘br]t?ducé‘a PRE- aRGE 04 ﬂ@nﬁﬂ} Sfethefshatyes Meghethi dReis from 50

10,200 nanonet r g3 &fe t @ké@%acpéaéeﬁaeﬂytmfrﬁﬁéﬁ I&etsﬂ&ter merielraLARNt S
are nmade of sili con oxi r]. Silicon oxide further inproves the

resiliency reqU|aPe§‘1%11fﬁj°§h k- r B&¢ JeANER  torREe hdhRpregdient afsaghmanés i s

nﬁer oxi mpel y t Wise Bd18e886iEN Bhe HakOSlRitosahd Yoraaassa byt ek idleatsicap! ay
ce which is without its shutter nmenber, that is to say, it i's less than

1 nJ/ [ efipldeie a5cre pPrEPiYG Sélélf+°mtcﬁ°¥%r¥198"f‘%ﬁfkt] of thenphuttess,
Oper ating at a wehbage @bod Gekalts dré dbtaind@ whbn @hé]|shutpef meybkes fHd the

t hi cknesst* of 10 [err]). This |evel of. consu ion i.s several orders qf
mont tude | ovier SERATERE S BFESHR BRI SEAARIES, 2ot 8Y S oAt VI ALER HPRER ¢ o
as |.ow consunpt ienfesi I56. td 0B N@idgmeZbes in thoakreesedr aheaotitdiFpsinientf the

di spl th di el ect der t i bl e
W thout A5t 11 cuPEyeaHmie 1oL et At G ece, $81 T B0t fremiovbR age

multipliers in dodeied ampmxbscehé rmmmnérrcqi ru@him@eaneqalnbbledrésriemce.

Iow—capamty batteri Usi a liquid di.el ri.c.makes ‘it
possible to multipl yeﬁ\. onsumption of the A?a%ice is’ approxima e y twice ki?ne

energy electrostatically accumulated in a display cell which is

without its shutter member, that is to say, it is less than

20 1 nJ/'cm2 per cycle for a cell which is 100 pm in thickness,

' operating at a'voltage of 10 volts in air (10 ri.J/_cm2 per

cycle for ‘a' i:hickness of 10 }Jm) . "Ih.'.lt.S“ J._evel of cbn_sumption is
several orders of magnitude lower than that qf display cells which
are currenﬁly referred to as low—con._'%url:tp1:.'i:on-'i cells. This very

25 low level of consumption of the display with” a gaseous |
dielectric (air) or under vacuum makes it possible without
difficulty and without serious losses to use integrated voltage

multipliers in order to produce the control voltage required

e ' from low-capacity batter:l.es.
30 . Using a 1J.qu1d dielectric ma.kes it possible to multiply
L 2 : the. :Lnduced electrical torque by € = relative dielectric

constant.. For a given system, that m makes it possible to reduce
the voltage required at the 'elect;rodes, by a facf.or which is
approximately equal to 2\/8_: because, as will be explained below,

35 a rotary movement of 45° at “the maximum is -sufficiex;t in this case
for good optical operation', by virtue of the light being trapped
in the cell. If a liquid dielectric is used Wwhich has neither



nduced el ectrical torque by [err] = relative dielectric constant. For
en system that namkes it possible to reduce the vol-tage required at

/el ectrodes, by a factor which is approxi mately equal to,[err] because,
‘Wi || be expl ai ned bel ow, 35 a rotary novenent of 45 " at the maxi rrum'
is sufficient in this case for good opzlcal operation, by virtue of the

li ght bei ng icnappeshduatidie noel éledﬁromélauadc@h&d eehid Gybsenl $RAReyniCh has .

nei t her - 7- c, conduct i | ectroni ¢ conduct ion, this system [
makes it podSH F‘gﬂ? o™ &8 (?‘éefiﬁ’fxttﬁ ecﬁ%%‘g’i?ﬁf)?‘i‘bﬁw%%véml Wﬁhleerﬁs’rﬂ?ngg

response ti nﬁmefofhexeslahm&m mmmae:ssu Svet® ¥hawih aix ok HY okB&y or der of

100 [err]), on Ilqmd | el.ectri.c Anong
vari ous possﬁ) Fat}ln}ei % $Hl8d§ rrb%‘r i d %lele?ﬂ“é]c%nents and t he
carriser, wthin tiengcomel b pdsnslbmwfﬂdsoﬁprnme BRutERH nemssks, The shutter

b f whi ch
L N LMV A AR TR EINTN

surroundi ng ntalsrehe melmutspned° I S possi bI e to use netals, doped or undoped

sem conduct or s, 1| B, erials, etc: (b) be of shapes ot her than
‘rectangul ar; (c) %bgﬁlslﬁrrrgﬁgl sby Y gaseous or liquid dielectric which 15
is as insul a(tal)ng mg@ssldolleyemtchemommmwaelmml ts aekeant and | ow

t f I b figd I d
Such 25 {1uid of 12 @ BEipTiRdt Fbh Y Bien il PR and's o
symmetry (Fi gure thsps ,2@1: is pogeible ot usze melthls n dbped sae pl ane. The
resilient attachngy.se E?Qdu £BPP 138 Y A QY3 ‘g% gLl ﬂg S guch as for

ys 0 511 al G r

exanpfe nmet.al s and aI ver, um ni um ofiim copper,
iron, etc; <&M cd??d&ét%?@%u@ﬁ"eafstbﬂm,eGﬁamg@:an'am um 25 etc;

“oxi des of Sick) Comel ShoudbH B EIE] ox! LABUALSLEL o Thigeni um [er ],

etc; EOl ycrystalline materials; plrastic materials rivatives of |atex;
(b) °be of vari d@sagh‘ét?é’é-aHP%P&eP°§%-bﬂavé"ft% et A ey dielectric

constant and low viscosity (for example, noble; non-

reactive; rarified gases, ©r liquids such as fluid oils);
(d) be fixed to the resilient attachments
axis of sjmmetry (Figure 2b): and
20 ~ (e) - not be all in the same plane.
" The resilient atﬁachments may.:
(a) comprise various maferiéls such gé for example- metals
-and alloys of silver, aluminium, - gold, chromlum, copper,
iron, etc, semi conductors such as s:Llicon, germanium,
25 : etc,_9x1des of silicon (Sloz)j aluminium (A1203),
titanium (Tin),'zirconium (Zroz), etc; polycrystalline
materials; plastic materials; derivatives of latex;

(b) ©be of ﬁarious shapes in order ta have ‘the required

resiliency,'cfanked attachments 12 and'l3 in the form of #;
30 a S or U are shown in Flgures 3a and 3b, respectlvely, i
while Figure 13b shows T-shaped attachments. P

The carrier may :
(a) be of a material different from silicon;
(b) be completely or partially covered by one or more layers
35 - of materials; .

{c) have cavities which extend wholly or partlally through the

thlckness of the carrler.



resiliency; cranked attachments 12 and 13 in the formof 30 as’, %
or U are shown in Figures 3a-and 3b, respectively, while Figure 13b shows - {i54)

T-shaped attachments.: The carrier may: (a) be of a material different %
fromsilicon; (b) be conpletely or partially covered by one or nore .
| ayer.s 35 of materials; (c) have cavities which extend wholly
or partially through the thickness of thegarrier. '-8- Figure 4 shows an

altegpative formof the device of Figure 2a, wherein_the -absorbing materi al
has been omitted. As FHFETE b SHPUE a0 glﬁ?ﬂ‘aé",“’%hﬂ’r&‘l 85 e RY:E Pbdes 6 and
7, are transpar eigurd (2, denéreenCaie RBstffithgifa Bdriat hafibewnl sl ttbd. -

The node of operation of iceq??sho i.n Fi ur es 2a, 2b angné IS as

t d
follows: In theAibis'lé%(,té"’o?P%?‘l"sgge?ﬁ ¢afng 24P, rleREFOSRTtE & ndnbers are

i n the rest posSiakrkotrazgapsetsethe tdedtite | @irgPeStsddnas i cbliecaneamesnt | i ght
Li . Wen sufficient_voltage_s applied th | ectr.odes. 6 gnd 7 :
associ. at 5’3 with a 10 ™e m°§%l?tft g _’ér°}( %f’ﬁu‘seevesicfﬁ shoym 43 o‘?lgﬁ’éﬁéé‘n t he
shutter nenber Ybaasd tdhescay rfespenddi nin ethec abssre’ of Fargelecicalt hidlg,

hutt mb t bout_its attachnent d .then |
oiced surf ace At oH% SHERIR BB =058 B TR SHUPTEIITBNEN FREHe best

case) to the inahdbntlargghdurfeleace ithewndideetskightlhbi. Whed lakuEfidient
possi bl e to proyj a displ evi [ ). C shuiter ne rs. Qr _.groups
of gehutter rrenbeg'ggga emqf hgppgléf |gv%° (eif‘grr‘glnetcs .r°§\e %%ﬁ‘“?e@eﬁ sg?lgc%en vr’%%i %and a
good aestideti c shhetdr cambde (Fhyurasedavand 4 her dertgeen cheosisutghovwenber

Fi gures 2a and VerUS| talli ref | ' d/ di I.ng
shutter nenbers?p%g enld Eg%gtsgﬁng%sggf%%% rfiﬁtfér&g'ltgh%? %qdar atorS{l{%{r:l?egpht
colour. [n themeuber gbtates dboitd tshawradhmeRtgiand #hen heresepsemrdyor t he

absence of a volLage belyesn the, elegeli oa,esc%lgSé&%i eg%e“ﬁta%&rswﬁ in

menber permts or prevents transm ssion of e I'ncident | g t through the -
device. The devitbe kesdwaase) Rpgthe incifentefldght{ ofapcsit will He aeesenbl y of

electricakly addpgssabie gidieal YAL¥6sice Walsgiad BLEGLT if WRAT pidhan air

or vacuumis used In the display devices _ _ :

' shutter members or groups of shutter members form the active
elements. A high lewvel of contrast and a good aesthetic effect
cén be obtained with the comnstructions. shown in Figures 2a and 2b,
by using the metallised reflecting and/or diffusi’ng_shutter mémbe‘rs,

20 and an absorbent material of a dark or bright colour. In the
case of the devic¢e shown in Figure 4, -t;he presence or the absence _
of a voltage between the electrodes assbciated with a shutter
member permits or prevents transmission of tI}g incident light
through the device. The device shown in Figﬁfe 4 therefore forms

25. an assembly of electrically addressable op’ticé.l valves. When a
dielectric other than air or vacuum is used in the display devices
of Figures 2a and 2b, the electrical control field does not
necessarilyl have to align the shutter members vertically in order
to produce a fuliy contrasted display. Indéed, the shutter

30 members only have to be at an angle - ﬂ with respect to their
rest position such that: :

B ?,arcsih i
in which n is the refractive index of the dielectric, in order
for the incident light reflected by the shutters to be "trapped"
35 ‘in the cell. In practice,; the dielectric used will be a liquid

having a refractive jpgex of around n = 1.5, thus giving an

angle ,3 241.80.



0 i gures 2a and 2b, the electrical control field does not. necessarily
dve to-align the shutter nenbers vertically in order. to produce a fully
"g rasted display. Indeed, the shutter 30 - menbers only have to-be at .
Np/angle [err] with respect to their _rest positikon such that: [err] in

‘which nisthe refractive index of thd dielectric, in order for the

incident |ight Rebheokeduie hensdtitchels duibelédy appadiorpeiddiescel | . In.

practice, the dielectric used wil| be a liquid having a refractive indexyaf
around n =the gichfyS%yithehdhencarres) grigh are Raptigd b gersalady s
phenonenonyy st shietedN et @ sppdts @8x 0fxadmpe | irflat daBenklatodehe cavities

- which are partia

L1y reveal ed by th hutter- mepbers a ar for exanple in a
dar kened nﬁﬂ?'ﬁ?ﬁ@g’étﬂfoﬁ?e% B ‘b%t Bnfd ttiﬁﬁpbc%’\/lat’?’ {éﬁlbﬁe metal | ised 5
backgr oundp4&&jreund ofcolbar SRUthersHmabe rsambeether possibilities so far as
the optical arran em&*nts§.7ba{'_j{|<sgL goncerned are_as follows: the shutter nmenbers

may be made in SEEF KA S8t Thi 13 presRt Phe  THPgarshEe 25¢ a
met al | i sedcéddrneti i aBdfsHlowd: di f fusi ng deposit, but they can

. al so be col oured_by .the deposition of' fine interference |ayers err], etc)

or absor bifig | aﬁ?sﬂ“&%ﬁfp%d’%?rﬁeﬁys Fsm%‘% B Bh st H e B °8§£|er e
mat eri al s), col aurgresengneid appeyrdieei 6f Gt pekal Bdednrdfleckingliaddlor
dielectric, and_the absoLber .neans may absorh al | . or t of the visible
spei rum and n&f]gg‘éslflgr '?ree?fseiitf hett %‘33% és/aenpaa%?'gl e eplc'z_?l ST %el ayer whiche’
i s deposited ondepesitfichhef {&ioesintextfhpetadryghadsipl atré09, FarL,Pyi ng t he

”a”SpaF e.nt 20 te),. abso%:.%%ti%ge% ? Iﬁcgyphg& adeg:%g?éé tofagelLlhc%nQﬁct:Eo pf
the ¢avities. TRe diTTé&rent & ag n the process of producing the device
Wi || now be desenfibethepymateriefiskxanpl e. The base material is a silicon
plate having t h'%oi&luj:e%%fgmnts may be incorporated in the liquid

15 dielectric, and ' .

- ‘the absorber means 10 may absorb all or part of the
visible spectrum,.and ﬁay be formed either by a separate
plate or by a layer which is deposited on one of the
faces of the lower glaés plate 9 carrying the transparent

20 _ electrodes 7, or by a deposit at the bottom of the

cavities. B _

The different stages in the proceés of producing the device
will now be described by way of example.

The base materiaL'is a silicon plate hé;ing the following

25 characteristics:

Diameter: about 5 cm (2 inches)
4 Thickness: about 280.pm Orientation: (100)
The process is described with reference to Figuré_

“In each case, three views, designated as a), b) and c),

30 show respectively a front view of the plate, a back view and a side
view in section. Although.énly a single shutter member has been ™
shown for the purposes of simplification of the drawing, it will be
3ppreciated that in actual fact the proceés makes it possible to
produce simultaneously a plurality of shutter members on the

35 same silicon plate.



25 ° characteristics: Dianeter: about 5 cm (2 inches) Thickness: about |

280 pm Ord entation: (100) The process is described with
reflerence to Fi gure In each case, three views, desi gnat ed as a) b) and c)~~
30 show respectively a front view of the plate, a back view and a side -

view in section. A though only a single shutter nenber has been shown for

t he pDr poses of -sinplification of the dravM’ng- it will be appreci ated that

.in gctual fact ! ke DOSSL chotn o ; gheousl y a

plurdlity of s , ¥ e [ X - 10-

Step 1:. Gowth i tmbws of shel back afittle mtgh(r |§z;r] in thickness on

the back of the plat % ]% e P 1IQ§d&naEeh§f% %mthgeaoﬁhggi&enperature
e

oxi dation furnace. i ¢ rrmed “over Ire surface of the plate

5 The thlﬁMme.ofAri belmlleeftbmerﬂeévelepélﬁdsnwet perfasapef dihgrplatehe
nat ur e 0% t he ggse g&glnesge ﬁe&%tb r%pgg@ oaf tﬂé‘ece%é’{'a%dré covered’
wi th a phot oresi set ayer such as ft at pro uced by the conpany Hunt Under

t he name " V\ayco'enél' pawhre fpfpFoe egses | and (vhe rrgachten GLPdwi ng operation. The
plate is 10 pl ac | 4 u W of bkitores 86 dayadi Ch
attacks the exposed ?)i(il éﬂmﬁ érﬁ %tehg?%%s?s{:&%z%gr IS thién rerr%veql' ® tep 2:
Pr Bduce a | ayerswh egpthiteprpieed he #hec sompanyh Bupt dindet Fihgupars) WMF%@/‘%

of "Vapox-borong, : cththoée%tEO Borifh! P o xdHeg dPeratiolhi Gheigradapes with
bogon and which 1's déposited by a chem cal vapour deposition process, is

deposi t edioon t hpldcedeinfa Espdupion ofiputferedyBRilwrrde ackif ¥ L RtEaKshen

effected at hi gﬂ,é QIBEES Wx€ak N amBi tHNSBs B tMSPELTiS fBlenaratnted.period of
time to cause t boron to diffuse into the silicon. The back of the plate

is then 20 StemP2actRrpdice 12 Jeer ok t¥pe g opnthe Fage of dhey e |
Vapox- boron | aygia@l &F ed) away by the solution of buffered hydrofl uoric -
acid.. The phot is then rem;ved Step. 3: Depos_th of 2 Iayer of
Vapox on the face of Ath@(ﬁﬂ 8f-e YaFe#TPeFop + that is Pt say, silicon

15 which is doped w:.th boron and which is deposited by a chemical vapour

depos:.tion process, is deposited on the face of the plate 1;1 a
reaction vessel. DJ.fquJ.on is then effected at h:l.gh temperature
in a nitrogen atmosphere for a short period of tlme to ‘cause the
boron to diffuse into the silicon. The back of the plate J.S then

2.0 protected with photoresist and the remalns of the Vapox—boron
layer are etched away by the solut:l.on of buffered hydrofluor:l.c
acid. . The photores:.st layer is then removed.

Steé 3: Deposit of a layer of Vapox on the face of the

p_late (Figure 7)
25 This layer is intended to form the resilient attachments

| and is 8003 in thickness. The plate is placed in a reaction
vessel and a layer of Vapox. is deposited on the face of the plate.
Step 4: Cutting out the ‘attachments. (Figure 8) '

The face of the plate .is covered with a layer of photoresist
30  which is exposed with a. suitable mask and developed. The attach-
. ments. are then cut out by selective etching by means of | the
above-mentioned solution of buffered hydrofluoric acid. The
photores:.st is then removed.

Step 5: ‘Metallisation ‘of ‘the face ‘of the plate (F:.qure 9)

35 : A layer of aluminium is deposited for forming the shutter
members and is 2000 % in thickness. The plate is placed in an
evaporator and the layer of aluminium is deposited on the face of

 the plate.



This l-ayer is intended to formthe resilient attachments and
~B0OO [err] in thickness. The plate is placed in a reaction vessel and a
‘ayer of Vapox is deposited on the face of the plate. Step 4: Cutting out
e attachments. (Figure 8) The face of the plate is covered with a |ayer
rof phot oresi st 30 which is exposgd-with a. suitable mask and

‘devel oped. The attach- rrents are then cut out by sel ective etching by
means of t & H B e rb@sSe (EHIUReJABE | uoric acid. Thel

photoresist is tﬁ‘é“f&@é"b\fe%e %1%!%e5is M%Rr@&éd Salth0f 1nyeir®f bRego-Of the plate
(Figure 9) 35 _ A layer of alumniumis deposited for formng the

shutter nefB&tStamdiry ’-fOBEPTS(ﬁdr Pifh & ﬁut":ﬁfé]sesmaﬂ*ﬁé’“ﬁl dteeloreflt aced in an

evapor at or medsﬁdteeka«yabeeg SdlEaRi iR by SepRsbEesl Yutivh acen of the
pl at e. Step 6:- Cutting,out the shutter nenbers (Fllg%re 10) The face -of

t he 3l ate |a§t?:‘8iﬁart€6 WERRL IR ay dhe PRGREEBLS T 4§ Ehen ¥#d-s exposed with a
sui tabl e m&tpmdcdem{g)aed thd 1 apliltidEiTEFEIC bRidd @nCie QUL by nmeans of a

.solution which [Tacks the alum nium The photore3| st i-s then
removed. S P out t.he layer-of silicon oxide on the back (Figure
- 11) The face of mbef@d:ee\toe the [YlakeciLprokebieal Regatd ‘négi)thﬁfeOI’ESI st layer. 4

. The back is_ covered I ve phot 0- resist. r which is
 exposed Wi PH°5°€el§ﬁ'fiém%’eﬁas '8'%% Sﬁgﬁredcl)'ﬁ’étgl"? lpc?ﬁhmo‘iﬁ éﬁ °F¥ cut away
by aosol ut resisd ﬂayéf enﬁﬂhhysires:fpbeoalvatacaobmﬁ!:}ae tnwekl a;mraevoiogaéaot or esi Step-
are then r velﬂ. :&ﬂgpesratlon serves ;gl & oxi de mask on

t he back, é‘c?rélcf nb ocp%ti' ﬁ‘f'?%ri’y PoSOotUEoR e é‘f o uci ng the

cavi tq es | hySheflmbale diidgurthel 2yo Tiayeracef qthothmegilsat exd sthpnot ect ed by. a
sui tabl e arLan n he, back et ched. a_.known

‘sol ution f&r 2 %ggk%%ps ratlo% f,‘gve% Elgsgétl%}e%p?%l ucc?é’doxmt%lﬁié‘s%loa e. The
attack is shopqw,afot rmePfelWBnbamratzm. St ep 9: Freeing the shutter

rremigr S (Fggﬁg@s 3%, !clﬂﬁ::. f8act or with a-

carrier -
attacked 'I'he face of the plate is protected by. a suita‘ole

ayer s . -

arrangement and the back of the plate is etched by a known solution
for attacking silicon. Cav:.ties are produced in the plate. The
attack is stopped at the P —type layer.

20 Step 9: Freeing the shutter members (Figure 13)
' The plate is placed in a plasma-type reactor with a carrier
' v)hich_ protec-ts the face of the plate. The P ~-type layer is attacked
and _removed.' The attachments and the shutter members are thus
released. The face of the plate will advantageously be a mat
25 face in order that the visible face of the shutter members shall be
as highly diffusing as poss:.ble.
The plate which in actual fact comprises a plurality of

shutter members may be cut- q: into a certa:l.n number of units,

each of which is placed in a chamber whose walls 8 and 9 are . !ﬁ
30 ' tranSparent, carry electrodes 7 (see F:Lgures 2a; 2b and 4) and
poss:.bly. 6. .(see Figures 2a and 4), and are separated from each s

other by' spacer members 11  In. addition, in the forego:.ng
process, J.t will be apparent that the number of shutter members per
cavity and likewise the number of cavities per plate may be
35 greater than 1, ._the shutter members prefera_hly being arranged in
the form of a matrix. o _
Figure 14 shows by w_aﬁr of"example'the arrangement of a
display cell for one seven-segment digit using the above-described



and renoved. The attachments and the shutter nenbers are thus rel eased. The,
face of the plate will advantageously be a mat 25 face in order that
t e visible face of the shutter nenbers shall be as highly diffusing as
possi ble. The plate which in actual fact conprises a plurality of shutter
menbers may be cut- up into a certain nunber of units, each of which is
pl acéd in a chanber whose walls 8 and 9 “at® 30 transparent, carry

el ectrodes 7 (&efHi1EyJEBTe?d, T sané éb\npaﬂdneossl Q’ldéeGdééiﬁﬁbEang e8gde 2ad
nbers_11. _In addltlon

4), “and are separ at ed from each_ qt her g

in the foregoi M FH8Re Pej foWd I"nb%"‘ﬂﬁ)éa?' h eﬁﬂﬁtdﬁ"ﬁéeﬂtﬂﬁ‘b@e(ﬁa"’?hutter
menber s pﬁr Caﬂéﬁe}ﬁeﬁﬂé’ ﬂddéem&rergkbépﬂtﬂai?eﬂlﬁrab@gifbﬂdgeﬁew waged exaeayeéf&,e 35
greater than 1, the_shu ne ef er el rranged in t orm
of a matrix. FPHES 1%‘ gﬁfé R &B‘Q/’ 'gi‘a e?ﬁ%b% YrifEnERT °hb‘EI| spl ay
cell fop one Swiﬁeﬂmtdtﬂrbmssi’@ tnbaeabcmeeﬂﬁs;@r tdi)eaigure -147 - shibvapl ay
device. The S@‘ n% ts asthosedscrlrpglag gethure 2a eal o0 to be
found in Figur ?Emb BeHoYER2RY, & 98285 8f CHRBr SRR ept
for the absor bsng:hareaaiﬂlwlmﬁhfdmshbeﬂmmarmaﬂem and elie tcavsb:tmthat such a
di spl ay devi ce can ed i g sm S

R# erring to. @i tg’ﬁo urttﬁér%e"??egfe‘eg? hé“xf’r%@nospa ?lé%%mﬁflgfé 8,

t he comon el eﬂ'ter sdecéi; mehbex dilr whichb daorbe ke sdhpld etlas:ard)e Fgamend thée

cavitie ohermitin er. Tigv ab eir tachnents,

tfre spat 2r n%er tgiﬁ\t\k%‘l %ﬁgcabnelgge ‘g@%lﬁp%g éj] astt c‘ﬁ%%ra}:?fr:rtel]b ée‘a'n.LB-‘Re
function ther esfedsgrdes wbesl 3ixn dsf useqd lae dl@teaac'erzkretamﬂ tthe silutcerodes
when air is us a t d ag_q wer
glass plate 9 ﬁﬂnb%%ca%dleletgg %de trr n%s%a %Q? §hﬁfd%<§i{e G\srer%h%ld reEESrégnQ;,

el ectrodes 7. Sthéder aterberoaddressing ﬁdlestrm?edt-l \/@ﬂeyed@acgna@@jvvbycn etters
atog corr espgnd g the digit,
as shown in Fl%tuér eéé%ecuvgfigé%{l%%&u‘%%%}{mm%gn— | %‘rébglr%s 'ﬁée segnent D
is fornd® by t¥aspectivekynts, theashotentwed 19 & ﬁﬁe'ehesh’elg%br afeRIs 1y, as
shown in the dsfpi-l ¥4 EWIH”tIﬁP s2RhAE PRI SRGH Gnl PidiQULL, ke The sanme al SO

applles In regard to the
: ~ segment D is formed by three elements, each formed by three

shutter members V, as showu in the detail view on an enlarged.
scale in Figure 15. The same also applies in regard to the
20 segments Al,. B, F'and G whereas the segments C and E are formed
by four elements, each of three shutter membexs.
The provision of a seven—segment disPlay in the form of a
| s:melJ.fJ.ed matrix of shutter members, like that shown in Figure 14,
shows that the proposed principle may be usee to produce a more
25 complex matrix of optical valves or display elements.
-_'Ihe electrodes which are deposited on.the glass plates
8 and 9 are prodﬁce_d using known liquid crystal display methods,
such as for example: depositing a layer. of tin and indium oxide
e - by a chemical vapoﬁr deposition process or by sputtering,
30 engraving and then optional insulation by depositing an oxide |

(for example Sioz). or a nitride (for example Si.N,), to form

electrodes which are referred to as "blocking" zlelctrodes.
The carrier 5 may be made integral with one of the
.glass plates- carrying the electrodes and it may be produced interx
35 alia by evaporation or by . chemical vapour deposition of,
for example, poiycrystalline Si. -
When a liquid dielectric is used around.1_:he shutter members,

it is possible to use met;hods which have been developed for the



segnents A, Ié, F and G whereas the segnents C and E are forned by

'r el enents, each of three shutter nenbers. The provision -of a

gven-segnment display in the formof a sinplified matrix of shutter

-manbers, |i

ke that shown in Figure 14, shows thatthe .proposed principle

‘may be used to produce a nore 25 - E:érr‘pl ex matrix of optical valves or
- display el espiabsuldtivncbecliiRdascwytah-axR depnsi ted on the glass plates 8.

and 9 are produced usi ng knovvnt{Ji uid crystal -di splay methods, such as faqL)
exanpl e: deposi t FHHE HdyEo'r e

deposition
i nsul ati on

ﬁ“’é’ﬁﬁ IR SaEnRE AhenRsASaf T apour
e esbimy thy SiNflagr tdl), hdbing sevel Feambigs ard éhen optional

by depositi ' f | itride (f
exampl € Lortager Bt o ERSEE: oot P AToc ot dfr LB AL BACERFhg

elecgrodes.

. carrying the electro

thEnehGbtdr Menberdarbferinda ordeagial shuwt Bheorshapt id@® tpkass pl ates
roduced inter 35 alia by

. d it be.
evaporati o 6F 85 % é‘%i’g%fl%?aﬁgﬁ%edgﬂ)gﬁ’ﬁ fi-of, for exanple,

pol ycryst al

| i ne Bach \dienemt ldfithel dlisplleytassemblky foefls ar @apaci toar shut t er

~ nmenbers, it.,i.s,possihl.e 1o use methods Lch have.beén deyel oped for the
R S e dERRE St le A SRR BRLE YU tnd B BE e e B e

‘bl ock ci r cuembgragrad each hesmiairsy fcepaciornce| vamigst he wWiitdpl ay cel | having '
- seven segnepts A-G of Fi e _14, Eigure 17, the display.cell is S
% eRatich R O abP L B ol L BBl G o chape

illudPrate

er carrier, 1n or OS('?\II'IV

~and the oveshugpex ovimbguraddressihg tdlectredss adgs. Thactepsicéamte of t he
di spl ay ass&%ﬁ iggir{g (o Lch ] gl ahle_ ] r ith the
_ position of leﬁéjé!%uutt raon'gﬂ%%r is’%%r? g%#pégéﬁ‘{el % %%%g%%‘gr?g%%g?%ts

with 10

{shatteninegbeyd | imngerds Pedpendinudar tthethe mignecddheode 6 and

- the shuttercJmmabey -A004Rs Slddg BLEGLLRIGS A Er JHiPeLaly 'ch@Nofar@PRECXI AL el y

doubl es between the operative Or activated position (shutter ne

ers in a

* pl anes per pei@i eaFeieR)o (Mt theafestem LRccapaciiie, Aldiashe PemTYposition
(shutter nmegRenSeil WABoR 8ol pehoa of WRiERIddgehls &S thBe1SKILEM i S

-capaci tive,
depends on

20

25

it has a rrermr]}/, t he, useful nenorisation period of which
qq;é‘epgﬁlefgé-he electronic control arrangement. This particular

feature can be put to use in certain practical applications3such
as displaying images on a screen. Figure 17 shows that the
segmeénts are controlled by inverterxs 17-17' to-_23—23-' formed by
complementary MOS t:ansistors.-'In the embodiment described, the
transistors 17-23 are of p type and théﬁpransistors 17' to 23' are
of n.type. | ' _ - '

In each pair, the source S of the E_tyﬁ;itransisfor is
connected-tO-fhe positive terminal of a supply sburcé.24 and.
the drain D of Fhe-é_transistor is connected to the drain of the

n type transist@r'whose source S is connected to the negative

‘terminal of the!power source 24. The drains of each pair are

30

35

connected to the corresponding'addreSSing electrode: the drains
of pair 17-17' to electrode a, the drains of pair 18-18' to the
electrode b, and so on, down to the drains of péir 23-23' which
are connected to electroda_g, The gates G.of the é_ana p type
transistors of each pair are connected toéether and to one of the
outputs Ef-gflof a decoder 25 of known type, whose inputs.E1-E4
are respectively connected to the outputs 6fla buffer

register 26 which receives the binary coded.decimalIinformation

corresponding to the segments to be activated. The buffer

*

: ]

L I



currents of the electronic control arrangenment. This particular feature can 7/
be.put to use in certain practlcal applications such as displaying i mges '
on a screen. Figure 17 shows that the 20 segnents are controlled by
inverters 17-17" to 23-23" fernmed by conplenentary MOS transistors. 1In the
enbadi nent described, the transistors 17-23 are of p type and the
transi'stors. 17 ~to 23" are of n type. I ldach pair, the source S of the p
typg_transi St Obebife23 26 14 QRRERLALA! By (A ABANISL! UEA LT AAIniBh foRRAY
source 24 and th rain D of the p transistor is connected to the drain of
the n type traﬂm Fdsresn e tbeu@es,itstvdoe:éﬁmkﬁyeért#%e Flopdbveot shavmal
of the pover sepg Ca%d'{—éssT&%oﬁéﬁ'i‘ﬁtﬂEne&%QeQa&J tﬁé%xfﬁ@?efég‘i‘itéi? éd‘%%:

correspondi ng addressing el ectrode: the drains 30 pait 17-17
el ectrode a, tRetiwadins gngadi vhigh permits itk éfFEiﬁiFeé‘déh% bigauy sepdsd, down

to the dsains i@l 13§oﬁn%t:.$ﬂ'vﬁﬂcﬁr§s %Eﬂf&é qd 16 ahpGtd Odang. inlae Al es

‘G .of the n and p. type transi stors. of air are connected together and

to one of the &dthlit §-°a23‘g?3 ofetedag dde zsnﬁwolkﬁe%wqeybetwqmow|mm% :

El - E4 35 electdioBe 6 SHREC khy bR AP NRRIESs iy bhEcadlapyts-Qf Bobuffer
ril ster 26 which receives the binary coded decinmal informaflon

respondi ng e tEPEEY Rinthet eIderctTn Hhbeh aFReabbeetogic level

ister 26 isceprigpehlifly b %eagﬁlm;&eeqﬂﬁ@ﬂe{aﬁszaa&@oﬁ@@@lmdaw%-channel
adgress of the di glt to be dIS | ayed, from_,a circuit not shown. The address

decoder ¥ t helo% §istPasnaef bf:ﬁq‘ SPTFRARCRALRT JBVaFters: PEatIBRUSHR% A hi ch

pernmts it to EegigsichbnidIE trandistor8deEk hon-condleeinfl THE QieFatia paltestials
applied to its Ln uts Theégvertecés 17-17' to 23-23 tgeterm ne, t he

“control vol t ag8% HEEWERHETHE PRRSY SHERHSERTS e LRRRy TERPSBHUrRS &7 ng
el ectrodes a- gthd@orirhepariddifgt deﬁeshlnﬁg ddeodsided’. whilRi elhe ajodméh the | ogic

| ovel corr eSPoULagLs s RO R ROk E o el IEROMES S, B Sren
conduct i b and24 he Thishesndlcion apsodicessa artany movenehic ofnthe Ehathey atembers
Fhe’CorrespondFiy SFaEd ey & AFARIEA AqBISt RO Uy Sopdifs TG °
'still connect eBlox cheheumsist b¥ethEotientdesd 26§ whdghcaxre at the logic level
| corresponding to negative potential of the source 24, ié is the

p—-channel MOS transistbrs of the corresponding inverters which are
20 conducting, while the p-channel transistors are non-conducting.

' This condition corrésPonds to a-véry low'residual.voltage
between the electrodes, for addressing tﬁé segments in question,
and ﬁhé'common electrode 6. This residual voltage is 1nsuffic1ent

to cause the shutter members to rotate so that the segments in

25 question are not displayed.



()

hper s and consequently a display in respect of the [ I on.

the outputs of the decoder 25, which are at the |Hmmumlmlmﬂ“l
so¢responding to negative potential of;jghe sourcer24, ft §s thd pschannel
MOS transistfors of the corresponding inverters which are 20 conducti ng,
whil e the n-channel transistors areCE¥MSconducting. This condition
_corresponds to a very |low residual voltage between the el ectrodesfor

addressing the segnents in question, and the common el ectrode 6. This

resi dual volltage & @iphatuue Sismiay §ovgass eomydsingta alunehidar 9ft5€hu‘t@?ate so
- that the segeméss hAveSy restOpwiiltiOfs AnCwRidh ¢hep dedate o n@%

ers haV|ng

m ni ature di splay device conprising a plurality of shutter
rest positi GAEHESWIRCH FAFEYeHANG 83 SRLng SuTBerded Fronm ade ﬁaiarlc%?r rier and

each bei ng syspendedifiam talﬂea&ﬁ\‘éhtera@)ﬁpﬁaﬁtéeéaéése%sﬁéé&% tﬁ‘{;
opposite ed es res%gctlvel of the shutter nenbe t'he attachrrents | owi ng

“the shutt er B Sb%ﬁacﬁmff&%ﬁbwﬁ%ﬁs%ﬁhaﬁﬁﬁg‘e%?g|1Z9nal ly to

bi as the shuhherabm&bsrtd&aﬁkntmstsuf kiR Yok Odha1apdedBARS B subjecting -
each shutter, menber ’ta%?ﬁagﬁ‘:%ECt“ c field such as to cause the nmenber to ;

24. This condi=tion produces a rotary novenent of the shutter
e
9

- \._\

turn througR &S FHEe & SRRt PPRIGIGRs; Y BRRRS f9%ereby to cease
its obturatsgjeastingneadh shut@tem nb b a1 eodaxsmlaﬁtﬁﬂylfﬁ@l@(‘s@ﬁhdw&ot o claim

1, wherein th ckness ther |I| attachnents is less than ten

ni crons. .E ‘?S,E %‘hsp?%@neﬁew c%uzgc %’&’5? 8r9te aBAREEAYT t he :

carrier is wpidiion axmos:hdremmlmsuea’sehau rtgbtﬁzlréﬂitngiadtfﬁc.ond wal | s whi ch
~are substantially parallel to the plane of the carrier, the first wall

-~ being transparent. 4. A di splay device according to claim3, wherein the

~carrier is 2ixed M#Mpétspltaa gérd cecacerrdiay | to Slaim A diwbetsin dbei ce
according t g3 d. t arent. 6.
A di spl ay dg\llféclzcglleaccor(]:h%g o cl g?n%éﬁﬁﬁ%%mﬁ%ﬁe%sﬁ t %12%801%%&(’% i's

covered with a material absorbing all or part of the Iight radiations. 7.

A display dsyice asspidy Qgvide Gegbfidg WENSiR 1 Re 521 ¢hd B AStne
carrier is within a closed enclosure having first and second walls
which are substantially parallel to the plane of the carrier,

the f:.rst wall being transparent.

4. A display device according to claﬁp 3, where_ih the carrier
is fixed with respect to the second wall. '

3
5. A display device according to claim 3 or 4, vherein.the

second wall is also transparent.

6.. A display device according to claim 3 or 4, wherein the

second wall is covered with a material absorbing all or part of

&

the light radiations.

e

7. A display device according to claim 3, wherein the said means
comprise a pair of electrodes per shutter member or group.of
shutter members, disposed on respective sides of the shutter

member or grxoup of shutter members, and wl'_x__erein one electrode of the

pair is transparent and is disposed on the _-t.ransparent wall.



-conprise a pair of electrodes per shutter nenmber or-

menbers, di sposed on respective sides of the shutter rou : @

shutter menbers, and wherein one el ectrode of the pa mw M ﬁlﬂim and .

i s di sposed on the transparent wall. -16- 8.

accordl ng to claim3, wherein the said neans corrprl se- one eI ectrode per

shutter menber or group of shutter menbe-rss -V\/m ch |s d| sposed facing the :

shutw,ter menber gQr gr,0 shutt er cal el d he i
B e Pohoerie” e PR, ot M e e PR E LS & eens

applled bet ween "t he’s er or gr
el ectrode. 9. coupdiigpl ene @eectmacper chhrmgtén mebtaemoir grov&; o\ﬂhé]ﬁﬂlﬁéran -

el ectrode is colg%%%'ray thurtgl& ggdsﬂ%%‘grﬂ‘%g?“ rtserolrle’% ougg o{/ﬁg?gtt}er

menbers. 10. A evi ce accor ai ns
the said angle ¢% Séﬂmbst-amern&leryr [@r—-‘r?lecnlcaﬂ (ﬂispﬁaapidgvampe.ledcmmheng to

any of clains 1tﬁdé35%§’tw§§ ay dgp €leSs n;!%rg%%g And oClectrically

insulating |iqui e accor ® wherein in
that said angl eelesrteggdad to or |arger than arc sin [err], vvhere nis the
refractive index of the liquid.- 13. A display device accor di ng to ¢laim11
12, wherein the insulating liquid is tinted with a coloured pignent. 14.
:ﬁr spl ay devi c® ac@oftsnigyt evire atcendipgstol claimF omh®r ahereire aparr i er is

e of siliconielRrobe tisSRbaNofl QY Q:plsr:ggi?i@ B¢ %*91@3-* B;"ﬁ’(él"gl %P &Ki‘g‘f spl ay

rein the resilient attachnents ar e of silicon oxi
devi ce accordi rRf F5UEHT FPTRPEF s 1 to 15, wherein the shutter menbers
conprise a layer of silicon oxide and a |ayer of nmetal. 17. A display
device according to any of claims 1 to 14, wherein the shutter nembers and
resilient attacﬁ?ren?sd’aﬁﬂé-%ﬁ%"‘t?ﬁ aF‘EﬁﬁdﬁPaW any of claims 1 to 9, vwherein the

said angle is substantially 90

1l. A display device according to any of ¢laims 1 to 9, wherein

the shutters are immersed in an electrically insulating liquid.

12. A display device according to claim 11, wherein in that
said angle is egual to or'la_;-ger than arc 's:r‘:n-%, where n is the

refractive index of the liquid. =

13. A display device according to cla..i'in 11 or 12, wherein the
insulating liquid is tinted with a coloured pigment.-

14, A display device according to any of claims 1 to 13, wherein

the carrier is made .of silicon..

18. A display device. according to any of claims 1 to 14, wherein

the resilient attachments are made of silicon oxide.

(g L

16. ‘A display device according to any of claims 1 to 15, wherein
the shutter members comprise a layer of silicon oxide and a layer

of metal.

17. A display device according to any of .claims 1 to 14, wherxein
the shutter members and resilient éttachments are made of

aluminium.



R - 18. A display device according to any of claims 1 to 17, wherein
t esilient attachnents are U shaped. 19. A di g ding to
abylkof claims 1 to 17, wherein the resilient attalﬂlmumuﬂﬂllmu ped. 20.

i dpl ay device according to any of clains 1 to 17, hérei'n fhe*resilient

~attachnents are straight. 21. A procé‘s%7f'or produci ng a display device .
accordi ng t oy &l annailspIcQTREvideNdcédt@ihgl t0\WnRdo S UL GEES i 10ROL7 prddusdid on
steps: growing a layer of silicon oxide (SiO2) on a first face of a base-:_j"w_,?
plate of sil¥fokesttienty ajtachmerry axgyErsd®ethe second face of the base -
pl ate; depositing a.layer of silicon oxide [err] on the second face;
cutting, out the resilient _att a’chmenti on the.second, face; megal -pl ating the

second face;%ut f FFRIK FHE-ShatTHRIRENTR ALY O (Fr3i i thal®pt it RGP t he

'second face; tHaltrbE DDt atbecHmayes £k s+dHapen.oxi de on the first .face;
etching the silicon fromthe first face to the layer p ; and freeing the
shutter nenbers by renoval of the p -type layer. 22. A process according to
claim 21, wuao.ei n alepisgcasd deaaecsddihfertdang ¢f allains 12 tHaL7 [ adereid3. A
m ni ature di gplay device bstantially as .hereinbefore described with

reference toa%ndlﬁéhr'ef“ltugﬁgﬁcﬁ“ nf:% alflegggﬁala?ﬁ *2a or these Figures as

nodi fied by any of Figs 2b, 3a, 3b and 4 of the acconpanying draw ngs. The

text O the specification_has n,reprogduced b hot ocopvi.ng .t he S
appl i cants oft'gi AP 5EsE7Y p?rib"%%ﬁ'n?ryacqgin gl‘"‘% %evtqé:ﬁ/ %?%dgréin%%t?'\%?jb% are
difficult talseatprisifgetheiffiliavity pescessibncofipaonneicnhesepsxmendnent s
may be inspected on.d e PiaSeE Ailig fﬁtasn‘isﬁzf)' 6% a first

- face of a base plate of silicon;

: .
creating a p layer on the second face of the base

plate;

depositing a layer of silicon oxide (Sioz) on the seéond
face; .

cutting out the resilient attachments on the second
face; |

metal-plating the second face;
cutting out the shutter members in the metal-plating on

B

the second face;

cutting out the layer of silicon oxideﬁpn the first

e
4

face;.

etching the silicon from the first face to the layer p+;
and L : _

freéing the shutter members by removal of the p+-type
layer. .

22. A process according to claim 21, wherein the second face of

the base plate is a mat face.

23. A miniature display device substantially as hereinbefore
described with reference to and as illustrated in Figs 1 and 2a

or these Figures as modified by any of Figs 2b, 3a, 3b and 4

of the accompanying drawings.
"7 e text of theSpec:.f:ic;ﬁ;mhas been réproduced byphotoco i
pying the applicants o
typescxipt. It mey contain a few amendments which are difficult to rea.d.?‘p The oﬁm ginal
typescript containing these amendments may be.inspected on the premises of the Patent Office



