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LI QUI D CRYSTAL DI SPLAY The invention relates to a reflective display

devi ce, ‘particularly to such a device based on active matrix control or

di ¢pl ay of an electro-optic material such as a liquid crystal. The display
can be fabricated on integrated circuits based on si‘ngle crystalline
silicon wafers. Commercial active matrix displays are usually based on
light transnission. They are matrix devices where the transm ssion of |ight
of each individual pixel is controlled by an electrical voltage. These
active matrix liquid crystal displays are cl)mmnly based on the tw sted
nematic (TN) effect of liquid crystal for contyolli \)ight transm ssi on,
and semi conductor thin film tranddEUl £ My olling the

i ndi vidual pixel's transm ssion state. The TFT can be made of materials
such as pol ycrystalline silicon, anorphous silicon or cadm um sel eni de. The
lo_ri ECi pl ef of theﬂleleai;tmmmwlates_tdiaspdrz]ﬁactis}e\dis;ﬂaslr devies, particulast 0 K torsuchiang
ight is first polarized by passing through a polarizer, and then sent_into
the liquid cryst devicebased,pa agtt FTP‘S‘&‘“WHW ‘gﬁl’)@l %f%ﬁ“ﬁ@%l@%@ﬂ s

applied on the pix | .0, f ' ] | hd | be
rotated by the | isé%asér “Pgﬁgn‘%@?& &eigmtgﬁtrc%gﬁ f?‘%@@f\@@?@%?@‘i‘ggg ari zer
pl aced at the outaséd ondingld crystallinecsilicbncwgfersl cel | can be used to

transmt either the light (normally on) or reject the light (normally bff').
When a proper voltage is applied to the pixel, the TN effect di sappears and

t he pol arization s Ll [ - T ' Nyt . e
rejected (off) oﬂ%ﬁ&%%&e g%@@%ﬂ%gd%lﬁt%ﬁ?h g%ﬁ%ék@g&ﬁﬁl ﬁigh'on
whet her the devi (fhey<areanateix! devives wheoé the aapsmissionl of light of qach éndividuabe

turned on or off independently by the aciive confrol of the .voltage acyoss
it. Gray scale c® thg@?lggﬁ;yé%)egegyc vétage. These active matrix ?1qu1 crystal -

displays are commonly based on the twisted nematic (TN) effect of liquid
crystal for controlling light transmission, and semiconductor thin film
transistors (TFT) for controlling the individual pikel's transmission state. The
TFT can be made of materials such as polycrystalline silicon, amorphous
silicon or cadmium selenide.

The principle of these active matrix display devices is as follows: incoming
| light is first polarized by passing through a polarizer, and then sent into the
liquid crystal cell, which comprises many pixels. When no voltage is applied
- on the pixel, the polarization vector of. the incoming light will be rotated by
the liquid crystal molecules through the TN effect. A polarizer placed at the
output side of the liquid crystal'cell can be used to transmit either the light
(normally on) or -reject the light (normally off). When a proper voltage is
applied to the pixél, the TN effect disappears and the polarization of the
light is unchanged. The light will therefore be rejected (off) or transmitted
(on) by the output polarizer, depending on whether the device is normally on
or off respectively. Each pixel can be turned on or off independently by the

active control of the voltage across it. Gray scale can also be achieved by



{
supplying internediate voltages. Al of such active matrix displays are
inwafiabry based on gl ass substrates and function in the transm ssi on node.
Pol*ari zers are placed in the front and back of the liquid crystal panel.
Some displays are viewed in reflection by placing a mrror in the back of
the liquid crystal panel. But the operation is, however, transm ssion, not
reflection. The active control of the display matrix is achieved by
controlling the electrical signals on the tgfnsistors on each pi xel .
Additionally, driver electronic circuits arérequired to control the timng

and scanning of the el. t.r'c&l | ses, . to eagh pi xel . i FTs.afe
adequate for cont?"&pﬁf‘ﬁé IP#_ F@ﬁ%rﬁ@‘é‘%ﬁn é‘ﬁa?g SB%'t v&rﬁg&g& %lsﬁﬁag)’saﬂfs
undesirable for tﬁﬁaﬁﬁblyfﬁaséﬁibﬁ s shistAféd %ed Bictibi if R krAsmikSRdn HSde.

i mportant reason is that they are based on thin sem conductor filnms grown

on gl ass subst r at Belarizens are qldced in phxcfront and back ofthetliguidh crystad panelpSomede
good yield in manyfacturing. TETI integrated,circuits are.al.so. n easi..y
dest ghed usi ng ot AR pwed fneeSpE by placisied mitptincyns tack O the ey
tools in the Sem&g&tﬁﬁ?aﬁél?Bﬁﬂﬂfe%ﬁer&ﬂbﬁ ) RoWRMr2 HaRbinfskionS nef reffebfion ©
differéent fromthoSe transistors fabricated on single crystalline silicon.
There have been many attenpts to replace TFT on glass by high quality

t i st d cigcuits fabricat . sj_nal talline .sili waf ers.
i pron et i descrhfestin Gittel B fhe! Rishlabomanrtt IS olhievef 3 spfflutg' >
crystalline silicgectritall SighalsDofiatHeC tfanSitiors G le@ath Nsixéll ANdditienally) Udriver

crystal was used as the display nechanism Wen there is no voltage on the
pi xel , the |ight e¢lectronigstircnits @re rpquired toicontre! the tiping aad scasning (pfi the

crystal beconmes turhid and scatters. i ' ight  Unfaort | this

devi ce has poor céﬁ?ﬁrﬁgﬁ p@ﬁ%ﬂ ﬁ%ﬂ#ﬁ”@ﬁ%@ﬁ%ﬁ ?@qqélﬁt%/&?\?gﬁﬁgﬁgy@? al

described a si nguiransiaisioh slaté ofhs phick theyae dndesirable RARaedtiie plreof the | s

based on the guest-host . effect in dye doped liquid crystals. In this

di spl ay, the absoagiiveonauisedisplay.chhe giost aperfant reason is that they are based on

' thin semiconductor films grown on glass substrates, and require special

processing techniques to provide good yield in manufacturing. TFT integrated
circuits are also not easily designed using standard very large scale integrated
(VLSI) circnit design tools in the sense that the current-voltage
characteristics of TFTs are different from those transistors fabricated on

single crystalline silicon.

There have been many attempts to replace TFI' on glass by high quality
transistors and circuits fabricated on single crystalline silicon wafers. Lipton
et al described an active matrix liquid crystal display based on crystalline
silicon in 1978. Dynamic light scattering from the liquid crystal was used as
the display mechanism. When there is no voltage on the pixel, the light is
transmitted. When a voltage is applied, the liquid crystal becomes turbid and
scatters the incoming light. Unfortunately, this device has poor contrast and
light transmission efficiency. Yamasaki et al described a singular crystalline
silicon based device where the display is based on the guest-host effect in dye
doped liquid crystals. In this display, the absorption coefficient of the dye is



3 dependent on the orientation of the dye nol ecul es. _These guest nol ecul es
tend td align thenselves with the host 1iquid crystafds dke replacementshert
absorption of the guest/host conbination can be controlled by an applied
vol tage. The concept of dynam c scattering for displ was teyiyed recently
due to the invention of polymer dispersed Iiquid cryg E'ﬁsSITﬂlemﬂdﬂQ&l
crystal droplets dispersed in a polyner filmcan have very high scattering
efficiency and a high contrast ratio between the on (no scattering) and off
(scattering) stat es.y |t ,.s:therefore a E)otent ially i n}l)_ortant t echnol ogB)/

for providing activeREFTTHOMFS BREIOB At dryre dMledidess These grest mylesalgntepd zai ¢
et al described a red higt dwasehel e KBRdsE Kqdid Gykdl QoMsH. dhenhaYhBaegd on
such pol ymer di spers? Iiuﬂyi,d_cry%t al.s. However, there are drawbacks for
this technol ogy sucKt&¥ §4rekhoptaymbinajon,san breconicailydonic at daphrd pdlidgrrer and t he
need to use i gher wgl L3aRs: §(%,ARGLAL G SHE Rt PLAY revNE L EAROGuS @/iné he
latter requirement is sinply t Ha he pol yner f'1'ms cannot be rmade to be
the same thickness (m=héw of Gobme) dg-te liguigui-grsehy Sthal Hifid mrasn! alreeti ve

matrix liquid crystal display 1t is the electri.c {i A MBLit g viiged hy
t hi ckness) that is i%' or ngﬁ'?‘ ﬁoHnﬁﬁri@'ﬁi“ﬁ'@“T e 1 llq'fill1 %Aag%:snﬂeé ‘é%rﬁﬂ(ccoradilﬁ.g to
a first aspect of tkentra3venboi mavishehe oh (nprsanicdey ad of ¢enrgicghshiss. tis

apparatus for image di splay,  canprising a tunable hirefr] 1 (i SRR
cell, including a né‘%‘-’é;‘ﬁ%ﬁy ARG ‘é{‘i’ﬁtr)lg‘?‘t“‘r‘\'ﬁéﬂ%%’ ﬁ’éﬁé ?{}‘é’ B ‘?‘ud‘h;‘g cé’ and
havi ng an ordinary icadepstaiiinersitfcoacla 1990 ahehia ev all dagtbed aprefichting active matrix

extraordinary index of refraction; said disp]lay cell c rd sing: .an tive
matri x cont rgl | abl & h&P’§;§F¥§§£8F%!%h‘FFd P%?H‘:G(me{’@‘%}’ é“FF’éf:"tdg'rraBﬁé‘aﬁ?gﬁ“ (‘)%wgg%éi ng
inci dent el ect romagmgdd Sre WoRFHAYs! Br tisAVAMERACIASS thd¥abiliy bf e plguidatystay of
times; and polarising neans for palarisin Il ght i nci dent or S%L,d di splay .
cell and directing IPPYRes 263 (hecpsed tyuse dighes é&ﬁ‘@ﬁ & °Ffé?afﬁ§‘,‘3‘séi FERY) ig?si ng
Teans bei ng ori ent el ik ki aded ioéineli WAty Uk tnespdplindk ks bkt bomatted

off states or any brightness in between said on and off states of each

pi xel require a nontebs ghegnineithigkazen e micronsi asiihe Hevid STERLRAIR Hafqdcuve
matrix liquid crystal display. 1t is the electeic teld (voltags dividad hy thickness)
tha_; is important in aligring the liquid crystals.

“According to a frst aspest of the inveation thers is prdyided an electro-optic
apparatus for image display, comprising a tunable birefringear display csll,
including ‘a material having a pusitive or negative birefringencs and having an
ordinacy index of refraction and a voitage dependeat extraordinary index of
refraction; said display csll comprising: an active matrix controllable display
element, including reflector means for causing incident electrumagnetic eacrgy
to traverse across the cell a plucality of times; and polarising means far
polacising light incident on said display cell and dicecting light retlected by said
teflectoc means, said polarising means being gricatad celative to said display ceil
such that both on and off states or any brightacss in between said on and off
states af each pixel require a non zera driving valtage at which the extraardinacy
Index of refracrion vacies with 'voltage
It is preferred that the apparatus is adapted to be operable in a non-birefringent

state by application of a vultage to the cell.

the means may provide fac traversal of the cell wtwice. Thts 15 an e(liclent use

of incident light, particulacly whien the means may comprise a metal



| ndex_ of retraction varies wth voltage It is preferred that the apparatus
I s adapted to be operable in a non-birefringent state by application of a

voltage to the cell. the neans may provide for traversal of the cell tw ce.
This is an efficient use of incident light, particularly when the neans nmay
conprise a netal 4 electrode reflector nedns, for exanple conprising

aluminium This is a relatively inexpensive, yet efficient naterial, The
cel | may conpri se elestradec teflestorpmesus,t fo| gxample gmprisings ahminjns Thiscisna
cell. According to _a.second aspect of .t.he jinvention there is provided an
activated liquid c,IF?f?[Vﬁfy ‘&F’&Iﬁ"ﬁ edg&e mFﬂ{cFﬁgef ' apparatus as hereinbefore
defined. The device nmay conprise a plurality of polarizers each adapted to
produce a plurality of linearly polarized beans of incident |ight at a
plurality of wavelBryeslkmayicompriseg siicon chip, suitably asingle etystadling siliconecell
linearly pol arized beam of incident |light; suitably the polarizer may
conprise a prismor prisms, particularly two prisnms which forma cube.
Alternatively, t heA&&&hg%_sa SeRonG A4PREA Sfcthd ifvéifionGhele s Prévitled BR aghivaed -
There may be nmeans to provide a colour display, particularly conprising a
colour filter or fliquidceystalidisplayndgvicecinaluding apparstuatasrheréiobefore gafined.t he
liquid crystal nolecules. The device may conprise one or a plurality of
crystalline silicon based liquid cells. This is - a relatively readily

manuf act ured devi CPhe dEES misYeokfprite dglutdlity OF poRdizerdésch dRprEP i piciace

glass plate with a transparent conductive coating; suitably an indiumtin

oxi de coating. Thea gplusplityyofiéinearly palarizad| basmsaof ingidentolightcat a plurality of
wavelengths. : : :

There may be a polaﬁzer adapted to produce a linearly polarized beam of
incident light; suitably the polarizer may comprise a prism or prisms, .
particularly two prisms which form a cube.

Alternatively, the polarizer may comprise a sheet or thin film polarizer.

There may be means to provide a colour diéplay, particularly comprising a
colour filter or filters.

There may be a polymer coating for aligning the liquid crystal molecules.

The device may comprise one or a plurality of crystalline silicon based liquid
cells. This is a relatively readily manufactured device.

There may be an earth (ground) which may comprise a glass plate with a

transparent conductive coating; suitably an indium tin oxide coating.

The display device may include a light source.



5 The invention extends, it will be understood, to an instrument :including
an active matrix display device as hereinbeforc defined.Thimis the replacemaatsheet
therefore, use is made of the linear electro-optic effect to provide the

display. In a preferred enbodi nent crystalline silicon iﬁaté'-sei Eswm
substrate to grow all the controlling transistors for the pixel as

the driver circuits. This display can work with ahy el ectro-optic materi al
whi ch has a vol tage dependent birefringence. Liquid crystal has |arge '
electric field dependentThpifveRtiQne¥icnds it wi b yadesypshl idmipstrumeat jnclyding an active

crystals are not aligned,.a5¢ aﬂ%@f %ﬂ@er%’slh-miﬁmﬁﬁf digRlays. Instead, the

nol ecul es are aligned to be su antrally exactly parallel throughout the
entire display area. In this way, the liquid crystal cell behaves as a

birefringent linear ele - I.£_device. Th rati f.rhis. di i
based on the differenti g‘f h%heg@;é’d% ng'r%‘%\rtefoé?f "%? ?{)ﬁioa&p%ﬂ)ﬁgﬁﬁlf%uﬁ%rﬂ 0%81: Hedro
pol ari zati on directi onspmividehibe displayri Ingr grefghed Erebmdimedt ctysallinectiivbmds dsed)lat the

beamis linearly polari h that .the electric fi.eld vector. i.s.at 45
degrees to the fast (ex%@gggtgﬁﬂaqrw a&n@“’sﬁ"%ﬁt‘ﬁ%ﬁﬂﬂﬁff Eg&@’se ?}Feli‘g eﬂqﬁi e
crystal cell. then the dtt@eimngitdain dépldy danworiawith ahe elettkd-opticihasgal which has

retardati on between these two fast and slow axes.  I{.can be shown that, for
a liner electro-optic ddvyelage t‘ﬁ@e’ﬂﬁ%'séu?fé‘f’%ﬁnﬁ%tt F-W“béf%@irﬁaﬁ hiargea slectp ficld

sl ow conponents can be’ gépéadent Bick®inkdncd R Be EBbddimbf, HHA%iquRA drpdfls SRRIBNSIRRMEA
extraordinary refractive index and no is the ordinary refractive index o

the liquid crystal, [er#in ordipasy | TNjupedecdisplava) Instend, thei BRIsedes arecplipasd o be
Ui dcrystal £ hrough e P A e M e e
light beam can be mani pliftid caystdd gshchehaves e bisploingens tligearseleqispentisedevige e
many grey scales. For eyampldh oPumisOdildaPis(Biacth IRYaiREreARl PhadeRlarBbYE SE wo
perpendicular polarization directions of the incoming light beam. If the incoming
light beam is linearly polarized such that the electric field vector is at 45 degrees
to the fast (extraordinary) and slow (ordinary) axes of the liquid crystal cell, then
the outgoing beam will have a differcntial phase retardation between these two
fast and slow axes. It can be shown that for a liner electro-optic device, the

phase retardation between the fast and slow components can be given by
Q = 21 (ne(v) - no) d/A

where ne(V) is the voltage dependent extraordinary refractive index and o is the
ordinary refractive index of the liquid crystal, d is the liquid crvstal cell
thickness and A s tﬁe light wavelength. Therefore, by controlling the
birefringence of the liquid crystal through an applied voltage, the polarization of
the outgoﬁg light beam can be manipulated to provide the on/off states, together
with many grey scales. For example, a voltage (which may be zero) that gives
a 90 degree (or 270 degrees etc) differential phase retardation upon one pass
through the cell will mean that the polarization vector will be rotated 90 degrees
upon reflection from the liquid crystal cell. This light beam can be transmitted



a 90 degree (or 270 degrees etc) differential phase retardation upon.one:
pass through the cell will mean that the pol arizati oRgdsths ragiagempnt sheet
rotated 90 degrees upon reflection fromthe liquid crystal cell. This |ight
beam can be transmtted 6 by a cross polarizer. THLg.I th heJun 1638t e of
the liquid crystal cell/pixel. Wwen a voltage gives a 180 degree (or 360
degrees etc) differential phase retardation, €he polarization of the

refl ected beamw |l not change, and the cross polarizer will block its
further transmission. This is the off state for the pixel. Any transni ssion

val ue through the ergyi 4 EroSy/Sdl e AMhiPH 1B bRisRbflaye HqdperysahoillZgiseloWiiche
bi refringence through controlling the voltage across gfj xel,. @;hi s reflective
hdiffereatial

liquid crystal di splayelage gives ©1%) degrredpiPelifegrrss fiF #6-"gipdation,

effect. It is calle é?élhﬁ%ﬁiw%f'ﬂﬁ%ﬂéﬁcd bRt wilPst @Bardg8] SdDiRe ichsds pbltized
crystal cell a plurality of tines, suitably tw ce, upagn reflectiqn from one

sidc of the Iiqui-d -cwijisblaek éts|furtherrragsmission.oThia is phe it Lorythe pixel. Any
crystalline silicon ggagtn dul HeodHin) GilesysthAtin Heubiuia b rRseh chdiees
silicon wafer is inpossible, unlike®glass based active matrjiXx |iquid
crystal displays. Hofehebireftinernes tarengh cantsoilingsthe yolggeiagenss pikelnents in this
system such as the polarizers and | enses. The use of crystalline silicon
substrate is now clear. The transistors for controlling and holding the
vol tages of each i ndlhis rfladtiveiliqeid ceyatal Hisplhy iyhhegefatei tagedmatthe lingar electro-optic

sem conductor (MOS) transistors, fabricated on lLd | - the
driver elect I’Ogli cs) c'é}r’?‘:‘bzt ?éﬁﬁﬁ%ﬁggﬁ"ﬁﬁe?ﬁgq@gg%ﬁ tﬁ%@ﬁﬁ%ﬁbquﬁlrﬁgme&n
m crof abrication techplataligyof fihe, ediablyntwide, upasefledtivnfidns onesidd efothe liquid

conpatible with conventional _VLSI cipcuit rules and tqpls,..The. pi n

al so be nade quite <&l °§ﬁ' Thist #F%L%itéfe“ﬁ"f ?"ﬁ‘gseeﬁi’?tagmcﬂ%o,“ 'lsnc%%‘ﬁésl %g t he
di splay matrix and tgigsfhts. ViEthnstli@idn’ @RIugE tRakiliben ifet ds impdsiiblej uhliliei gliss
resol ution. This display can be viewed either di r?ftl or bé’ xp(:rg_lmesc'r.i.o
onto a screen. Depe Wéa%'ﬂct%n&h%@rc‘yml displays. However, there a mMissio

optical elements in this system such as the polarizers and lenses. The use of
crystalline silicon substrate is row clear. The transistors for controlling and
holding the voltages of each individual pixel can be high quality metal-oxide
semiconductor (MOS) transistors fabricated on a silicon chip. Moreover, the
driver electromics can be fabricated on the same silicon chip using
microfabrication technology. The design of these circuits is also compatible with
conventiona] VLSI d@in rules and tools. The pixel can also be made quite
small so that the size of the entire chip, including the display matrix and the
driver electronics can be quite small with high resolution. This display can be
viewed either directly or by projection onto a screen. Depending on the driver
circuit, this display can be used to display different kinds of image information.

For example, it can be used to display television pictures, it can be used as a

computer terminal, or any other type of video display.

* Because the display is based on the lineac electro-optic effect, besides liquid
crystals, other types of electro-optic material can also be used. Liquid crystal



circuit, this display can be used to display different kinds of inmage

i nformation. For exanple, it can be used to display television pictures, it
cah be used as a conputer terminal, or any other type of video display.
Because the display is based on the linear electro-optic effect, besides
liquid crystals, other types of electro-optit material can al so be used.

Li qui d crystal 7 is nmentioned here only as a conveni ent enbodi nent of
the invention. Exignpientionéd cndnero east aoeonvehientRintodilment ruft theainveatios.ed

i nclude, but not Limted to, |ead |anthanum zirconiumtitanate (Pwa)
bariumtitanate (Bsampiss thmyctm-ﬁaac m%%ﬂéﬁ@tcaﬂé%PS%mMC’ Bt i | ve

matrix display emppeyiing, tlg‘f?% lgﬁﬁﬁt ziréorﬁﬁ e'n%{att@ r(lﬁ%ﬁ lﬂﬁ'ﬂmtﬁ'

_gh-r

exanple, with reference to anyl ng raW| ngs 1I'Is a erratlc

di agram of an act (B#Ti0B) amxmhngpjﬂm- ﬁ-bmgar@taﬂemxiuegny stor and a net al
el ectrode, according to the invention lg. 2 is a cross sectional view of
a pixel showing the various layers of materials; Fig. 3 is a preferred

nbodi t of th Lcal o Fi is . .' ' .
preferred enbod: ek ATAT dhbotlite, e iieRribhis Bebdfadtr ddrbeg.
enbodi ment in Fi gby %ay fferiimpleg with ieferedceve macdohﬁfaﬁ ng drawingsan
el ectro-optic apparatus such as a liquid crystal cell tor image display,

conprising a tunable birefringent display and a control el ement operable in

a reflective node v, . Eﬁﬁﬁi '
plurality of ti magigq V\lgg’l srfh?ﬁ’é{lgﬁ%% (';ft:érgis@ttl @a’f g@%hs 0 |Sg 1,
an entire displ aytraﬁsisbshﬁdcafmatdlielactﬂwa,ra@mdih o ke mvenﬁene N, M are
nunbers conpatible with standard di splay resol utlon for both conput er

termnals and tel evisions. The pixels are
Fig. 2 is a cross sectional view of a pixel showing the various layers of

materials;
Fig. 3 is a preferred embodiment of the optical arrangement;

Fig. 4 is a variation of the preferred embodiment in Fig. 3; and
Fig. 5 is a variation of the preferred embodiment in Fig. 3.

Referring to the drawings, there is shown an electro-optic apparatus such as
a liquid crystal cell for image display, comprising a tunable birefringent
display and a control element operable in a reflective mode whereby to
traverse incident light across the cell a plurality of times, two in the
embodiment. As schematically shown in Fig.1, an entire display consists of
a N by M array of pixels, where N, M are numbers compatible with standard
display resolution for both compiiter terminals and televisions. The pixels are
in the embodiment fabricated on a single crystalline silicon wafer using
microelectronics technology. Each pixel forms apparatus for image display
and has a MOS transistor 'a' as shown for controlling the voltage across the
liquid crystal cell. The source 'b' of the MOS transistor is pulsed electrically,
the voltage of which- determines the voltage across a liquid crystal cell for
that pikel; The gate 'c¢' of the MOS (metal oxide semi-conductor) transistor



in the enbodi nent fabricated on a single crystalline silicon wafer using
mcroel ectroni cs technol ogy. Each pixel forms apparatus for inmage display
and has a MOS transistor 'a' as shown for controlling the voltage across
the liquid crystal cell. The source 'b'" of the MOS transistor is pul sed
electrically, the voltage of which determ n&s the -voltage across a liquid
crystal cell for that pixel. The gate 'c' of the MOS (metal oxide

seni - conduct or) wdmdsvenbyelestri@laulwmam@msu;eeawtorgalorptﬁa’éggamat

turns the transistor on off __The S IS eguenced so
thatt he. i sp ay 8 SaBthsdis are BRRRE 8 McRe GBI GRn R TP BY BT
smal | er than the spineedl paid2€ which SUNEREY Selalier thik (B Pixel Sike b chicted to
transi stor acts as an electrode of the |iquid cryst aI i xel. This netal can

be al uni ni um or & draineof thetMDS:mpssﬁomastm An rel bef 8mll@ndmxwelss
and ot her materlals .ell bet ween t hi.s t he
ground pl ane f or RE¥eLn lﬂrﬂ"f‘ C@%P"ﬁ"’(’ S &) my@“?ﬁ%@r&%ﬁ’ém%?

ground (earth) phﬁa%fammﬁtp?o&‘ss andoffRe rﬁteﬁé@SFhe nidickyital bebwebnidisent
conductive coating 'f', such”as indiumtin oxide (I O. Asilicon wafer 'g'

with the integr anmlalcpaohd'tmdf ther ground dplane iforms: thea uosof! digplay (pDHCl):mA:S h

for aligning the ui d ‘. The | T coate | ass

has a pol yner cogil’?‘ﬂlb F °§P‘¢‘h‘f§?’ﬁﬂé"ﬂ°qﬁ?’&“%’?§)gi‘ eesw1 the
embodi nent, buff hrtﬁhn@ barefe catidudtive eodtitlgy frRtich as ﬁi&lhntthﬁsxld@ )YIA sillicony st al
nol ecul es are all :}gned parallel to €ach ot her when no vo tage |s applied

to the cell. Thi yafer amtlathegmesmted gugutseﬁahncatadthh@a & eoasing of polymern

G Spl ay " devi ce. adt Svcpteaiene o GuRtel BotEiufesCi e EORMARE ol s
silTcon based || gupeiyaierseauingely o aligding (10! uiehdrysthl BOISVARS. 28 the

mrror for the light. The |i source can be hal'ogen |a (or any -
other bright Ii glembeodiment) b gqbfethe ahgnmg polymer is such that the liquid crystal

molecules are ail ahgned parallel to each other when no voltage is applied

)

to the cell. This linear alignment is schematically indicated in Fig. 2.

Fig. 3 shows the light path for a typical preferred embodiment crystal display
'de_vice accordihg to the invention. It shows a’ single crystalline silicon based
liquid crystal cell 'k’ -The metal pad 'd’ behaves as a mirror for the light. The
light source T can be halogen lamp (or any other bright light source). In the
embodiment, the light source is polarized linearly by reflecting off a cube
prism polarizer ‘'m' and shines on the liquid crystal display perpendicularly.
The polarizétion of the light is such that it makes a 45 degree angle with the
alignment direction of the liquid crystal molecules. Upon reflection from the
metal pad 'd’, the light is allowed to go into the same cube polarizer 'm'. If
‘no change is made to the'polarization state of the light, the light will be
reflected by the polarizer and goes back towards the light source in the path
(A). If the polarization of the light is rotated 90 degrees, it will pass through
the polarizer and enter path (B). Path (B) is the viewing direction for the
display. This light can thén be viewed directly, or can be projected onto a
screen by a suitable'light projection mechanism (which is not shown).



enbodi ment, the light source is polarized linearly by reflecting off a cube
pri.ismpolarizer 'm and shines on the liquid crystal display

pefpendi cul arly. The polarization of the light is such that it nmakes a 45
degree angle with the alignnment direction of the Iiquid crystal nolecules.
Upon reflectjon fromthe netal pad 'd', theQight is allowed to go into the
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(B). Path (B) is pyeodtigyvtéchniiuiesc FopoutMit FdtRiring RoRdrs, hulkiple of a8d,! hen
be viewed directly, or can be projected onto a screen by a suitable |ight
proj ecti on mechangreen(and blue pixalst or ithevsame display, enithsuse jof ithree pepasalg be
necessary for a br band l.ight souyrce. Alternatively, the colour filter
can be incorporate }a’faX?ereegﬁqHHF *crystal cell by coating techniques. For
output requiring colours, multiplexing of red, green and bl ue pixels on the
sane display, or the use of three separate displays may be required. It

wi Il be appreci at Bowvillthet appreciatedrthat many variations ofthe émbodimentshownrinFig. 3
are possible. Thug Figs. .. .a b show possd bl e arr e s of optical

| ayout to achi eveitﬁgiﬂsgﬁeaﬁﬁEﬁ'%gnéi%gamy %gs%a@gi %gﬁ%; 4 Bng’ﬁSﬂt he
embodi nent i n Fi glagoutiddachievehdsdisplay flteéioient where ambient |ight can be
used. It - requires a thin filmpolarizZer sheet 'p' positioned on the liquid

crysta: ce: : . Ihn this case, the input-and output |ight beams to trr:g ljl qui d
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suitable for direct view ng under
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Fig. 5 shows an embodiment where ambient light can be used. It requires a
thin film polarizer sheet 'p' positioned on the liquid crystal cell. In this case,
the input and output light beams to the liquid crystal cell should have the
same pdlariz#tion in the on state. Embodiments in Fig. 3 and 4 are suitable
for projection displays while Fig. 5 is more suitable for direct viewing under
ambient lighting.

It will be understood that using the invention, polarisation of the light is
manipulated to produce a displaying effect. The intensity of the light is
changed to provide the display effect. “The light polarizers are an integral
part of the apparatus. Therefore, in order to achieve this, both the ‘on' and
'off' state of the individual pixels require a non-zero driving voltage. Stated
in another way the invention requires a voltage control all the time for both
'on' and 'off states. Thus the invention can work well with positive and
negative birefringences.

In all embodiments, alignment layers of the liquid crystal molecules are anti-
parallel rubbed so that the liquid crystal molecules are substantially parallel
to the cell wall at zero vbltage. When the voltage is applied (all the time)
the liquid molecules tilt in the same direction,

.



anbient lighting. It will be understood that using the invention,

pol ariisation of the light is manipulated to produce a displaying effect.
Theé intensity of the light is changed to provide the display effect. The

| ight polarizers are an integral part of the apparatus. Therefore, in order
to achieve this, both the '"on' and 'off stati@ of the individual pixels
require a non-zero driving voltage. Stated in another way the invention
requires a vol t agFmgspasingltheldevices describeti dieréint with eéferémé toothe drawimgs, itThus
the invention can work well wth positive and negative birefringences. In
al| ‘enbodi ments, IAPOSHPETO Prayides of the |iquid crystal nolecules are anti-
paral l el rubbed so that the liquid crystal nolecules are substantially
parallel to the cell wall at zero voltage. Wen the voltage is applied (all
the tinme) the |iquid nahactivematrivt liquid ctyseal dispiaydievivetbased on voltfgeldumrol

usi ng the devices describhed herein with reference to the drawings, it is
possible to proviQfé%e. birefringexce of the; liquict ¢rystal thahéf%tsmm@pggpﬂlpgdbm ce

based on voltage - jaefdr . he. | gl ' 3|
with transistors @&gﬁ%ﬁef}#’ﬁ gnedugﬁﬁ%lf#&ésls gﬁ% g‘ﬁ#‘%@'@nﬁ%‘?"ﬁéﬁ%@%ﬁ& The
pol ari zation st atthreigh the deviget candherenodified oy ah fapplied voltageato the individuatd by
an applied voltage to the jndividual pix 13. The di spl ay. device is cgpabl e

of being fabri catféﬁdéyﬁnﬁ %P@Y@FY/’?_@&W% es‘i’ﬁt?ﬂ%fﬂmt@_%ﬁé&le _ tﬂ&ﬁ% on
it all the tr ansigi 5@{.5 %ﬂﬁhqﬁ%}{ {(%,ec&ghrat “ﬁf“%téﬁggﬁ%%%@' e\%ln[%ége

together with all e driver circ and 1 ntegra

control, scanni ngofathe ihdividual pidels, cogether wish aallsibei driver adifcnits dad Hnteigrated of
the active matrix di splay .contains ﬁ reflectivye netal_electr de,;fabr'inpat ed
on the silicon suiEuitsfer voitage soBloh canning and tisping, ghen gsilicgn chip.

Each pixel of the active matrix display contains a reflective metal electrode

fabricated on the silicon substrate. The display is based on light reflection
and the light has to traverse the liquid crystal cell twice due to reflection
from metal electrodes on each pixel.

2. That the linear electro-optic material can be used for this display. In
particular, liquid crystals can be used.

3. That the displayed image can be viewed directly, or projected onto a
screen for large area displays.

4.  That external optics can be used to form the input light beam when
a light source is sued for projection display. Ambient light can be used for
viewing the display directly.

5. That a cube prism polarizer is used to produce a linearly polarized
light beam into the display device, and also to select the properly polarized

output beam for display.

6. That a sheet polarizer éan also be used to obtain the display.



and the iight has to traverse the liquid crystal cell twi ce due to

refl ection fromnetal electrodes on each pixel. 2. That the |linear
electro-optic material can be used for this display. In particular, liquid
crystals can be used. 3. That the displayed i nage can be viewed
directly, or_projected onto a screen for |athe area displays. 4. That

external optics can be used to formthe input Iight beam when a Iight

source is sued fol prolkasithesaid display is fabpicated an g lkrystadlinesilicen wafesy The
viewi ng the display.directly.. 5 That. a.cub rism rizer 1s used to
pr oducg a Iinearpl bis fi|t?8ﬁY° BEE%YWHFB“FﬁegMCQVZ‘BﬁE%‘}i’%Wﬁ o)
to select the prope(brigtpbRbi@ErubPdhy Beigidesy ifhéteal. 6.  That a

sheet pol arizer can also be used t'o obtain'the display. 7. That the
said display is fabricated on a crystalline silicon wafer. The wafer is

arranged to have mat4 f pixels ach one .of which can be turned on '
(bright) or off (@ark)'f,'h%rtgﬁ P@xﬁﬁﬁ%é‘ka{%%?&een. 8.  That the display
can be in any colour. 9 That three of such displays in red, green and

bl ue can be used in conbination to provide nulti-colour imges. 10. That
the pixels of thé.di splkat thaece bfisuchudisplaysigaedngreen and blwescanobe hised in

mul ti-col our inmage _can be gbt ai ned_i 028 di.spl ay devi ce. -12- dains
combination to provide multi-Colour images. .

10. - That the pixels of the display can have an arrangement of colours so
that multi-colour image can be obtained in one display device.
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tro optic apparatus for inmage dlsplay, conpri sin
ngent display cell, including a nateriThis lﬁébﬁﬁgpﬁ"%ﬁéﬁ?heea
efringence and haV|ng an,ordinary index of refraction and a

nt extraordinary index of refraction; §ﬁ§€'2%§ WY %8el
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active- matrix controllable display

I ncl udi ng
refl ector nmeans for causing incident el ectromagnetic energy to traverse

a plurality of times; and polarising nmeans. being oriented
d display cell for polari-si tight in 1di spl ay
ing light reflected by said reflector ﬁ@ﬂﬁ@kwgma ﬁ%age

ei ng arranged such that éﬁ on and off states or any
etween said on and of f st

W8t each pi xel require a non

zero driving voltage at which the.extraordinary index or .refraction varies

with voltage. 2.

Apparatus according to Claim1, wherein the apparatus is

operable in a non-birefringent state by application of voltage to the cel

3. accor didy eJeEraraPtis: APRATATUS ( fOryi IRRIG HERINImg a
liquid crystal eompriging a tulableabizefztageénbgdisphay ¢ekicedintd wiizign

a%&’%’ézdiaf@ haQ;&nhr é“’%&%fﬂl@é E@ﬁﬁégltkv&%&eef% gé%:rétn ' ght

3. Appar at u

|nclud|ng means
energy. 5.
el ectrode refI

us accor ne

ara means conpri

@ﬁgngegmb ordlnary index of refraction' and a .voltage .

dependent extraordlnary index of refraction;-said display

cell comprising

an active matrix controllable display - element,
including reflector means for causing incident
electromagnetic energy to traverse across the cell a
plurality of times; and

polarising means being oriented relative to said
display cell for polarising light incident on said
display cell and directing light reflected by said
reflector means; and voltage control means being
arranged such that both on and off states or any
brightness in between said on and off states of each
pixel reguire a non zero driving voltage at which the
extraordinary index or refraction varies with voltage.

2. Apparatus according to Claim 1, wherein the apparatus
is operable in a non-birefringent state by appllcatlon of
voltage to the cell.

3. Apparatus according to Claim 1 or Claim 2, the
display comprising a liquid crystal display.

4. Apparatus according to any pfeceding claim, including
means providing for traversal of the cell twice by incident

light energy.

5. " Apparatus accordlng to Claim 4, the means comprlslng

‘a metal electrode reflector means.
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- 13- . REPLACEMENT SHEET 2 8 JUN 1999 6. Appar atus according to
c¥imb5, the netal ‘el ectrode reflector means conprising alunminium 7.
Appar atus according to Claim6, conprising a silicon chip. 8. An el ectro
optic apparatus for imge display, substagtifl_l y as hereinbefore described,
with reference to the acconpanying draw ngs. 9. ArR&?tACEMENﬁSHEE(TI i quid

crystal display device including apparatus according T? a pﬂrgscedl ng
claim 10. A display device according to Claim9, conp iss‘ir']%b pol ari zer

adapted to produce a linearly polarized beamof ingident Jight. 11. A

di spl ay device & cordﬁﬂﬁaftaﬁlsécﬂﬁ@mc&kﬂpiaﬂ%m& IeﬁiﬁcéTQ‘{ey’%gF“BBMers
each adapted to fg Slumidf@hi ty of linearly polarized beams of incident
light at a plurali of- wavelengths. 12. A display device according to '
Claim 10 or aim1l1l, the polarizer(s) conprising a prismor. prisnms. 13. A
di spl ay device cording to Caim,12 e | ari zer _conpri si two prisns

to forma cube. 4. MHB?&WC&@W%*%M&@WW%F n pol ari zer

conprising a sheet or thin filmpolarizer. 15. A display device according
to any of Clainms 9 to 14, including nmeans to provide a col our display. -16.
A di spl ay devi ce8.accoAdi rlgctro Optic napparatusefarolimage ndisplay.c sitbstantially @se or

more colour T11t gL Hlhetdre deseribed, with reference to the accompanying drawings.

9. An active matrix liquid crystal display device including apparatus
according to any preceding claim. “

10.  Adisplay device-according to Claim 9, comprising a polarizer adapted
to produce a linearly polarized beam of incident light.

11. A display device according to Claim 9, comprising a plurality of
polarizers each adapted to produce a plurality of linearly polarized beams of
incident light at a plurality of wavelengths. '

12. A display device according to Claim 10 or Claim 11, the polarizer(s)
. comprising a prism or prisms.

13. A display device according to Claim 12, the polarizer comprising two
prisms to form a cube. |

14. A display device according to Claim 10, the polarizer comprising a
sheet or thin film polarizer. -

15. A display device according to any of Claims 9 to 14, including means
to provide a colour display. '

16. A display device according to Claim 15; the colour means comprising
one or more colour filter or filters. | '
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17. A display device according to any of Clainms 9 to 16, conprising a
cating for aligning the liquid crystal nolecules. 18. A display device
according.to any of Clainms_9to 17, conprising one or a plurality of

crystalline silicon based liquid cells. 19. A display AEEmnggg'EEnﬁn to
any of Claims 9 to 18, having an earth plldte conprising a glass p i th
a transparent conductive coating. 20. A display device aZ:squi to daim
18, the conductive coating conprising an indiumtin oxide 'coating. 21. An

act ve mttix o 39! o AIGNbS AISABIAEG Y Gy AECHIBRY 8 T6e8mprlinga v (1

reference to the acconpan W ngs. apparatus accordihg to any

of Clains 1 to 8coating ftirsaligaingdtheiligaidicrystaliimojecwdesany of clains 9 to 20,

including a light source. 23. An instrunent:including an active matriXx
di spl ay device according.to any of Clainms 9 to 21. 24. Apparatus according.

to any precedi ng 18l ai 1 gbiichick Rosdiag SatPb EUS GeL7, eothpiBing did S

driving voltage and a s driving voltage,” said first driving voltage
bei ng greater than asplurality o crystalline silicarobasegdiquid¢elsi d on state being
associated with one of said first driving voltage and said second driving
voltage and said off state being associated with one of said second driving

vol tage and sai d b r stp displayTidvice! dcdeiding R RGCHf CRiims 9 to 18, having an earth
plate comprising a glass plate with a transparent conductive coating.
20. A display device according to Claim 18, the -conductive coating

comprising an indium tin oxide coating.

2. An a;:tive matrix display device, substantially as hereinbefore
described, with reference to the accompanying drawings.

22, An apparatus according to any of Claims 1 to 8 or a display device
-according to any of claims 9 to 20, including a light source.

23.  An instrument including an active matrix display device according to
any of Claims 9 to 21. -

24. Apparatus according to any preceding claim, wherein the
driving voltage is defined as a first driving voltage and a
second driﬁing voltage, Séid first driving'voltage being
greater than said second driving voltége, and said on state
being assoqiatgd with one of said first driving voltage and
said second driving voltage énd.said off state being
associated with one of said second driving voltage and said

first driving voltage, respectively.
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