"LI QU D CRYSTAL DI SPLAY DEVI CE' This invention relates to liquid crystal
di spl ay devices. -Conventionally it has not been possible to provide a

liquid crystal display device with a nmulti-colour display for 5 t:he
fol  owrng reasons. Firstly, it is not possible to increase the nunber of -
dots e lines in a conventional -liquid crystal display davice because the

conventional liquid crystal display device has at t (a4 @67d§)}' rati @3
and thus only 16 |lines can be driiven.using a conventional nul t'i pl ex “dri vi ng.
system. 10 A liquid crystal display device which has -a nmulti-col our
~display needs at least 100 lines, and thus a 1/100 duty rati o nust be

possi ble. Secondly, it is extremly diffi cult to obtain a multi-col our

di splay on a si ng@ﬁ&@!ﬂ'&&ﬂéﬂﬂ%the' 15 = case where
colouring materials are included in the:liquid crystal material such as in
a guest-host liquid crystal displa vice. ,Jo .superi e_panel s having

di fferent col our corrpo@fi%ﬁ'?nﬁ%& g?igag: scrt?stlI%'ﬁ% Wétggg‘ﬁ'ﬁ?g%‘ﬁ l'i quid
crystal display dea\éL,gg gannot produce a-clear nulti-colour display. 20
Accordi ng to one aspect of the present invention there is provided a liquid

crystal display devi Cedia¥ieigndaly ¥ Alast YotObedli pbidi®16! &BRwaaM Fanged in a
matri x of columms and rows, conprising first and second transparent

substrates, each subsdyial eryseyl rdisplay BbPIdeakithlhfmaei-dd16ut HiepIE for

Surfaces 25 - facing each other and being spaced apart to-define a -

space 5. the following reasons. Firstly, it is not possible to increase

s ~ the number of dots or lines in a conventional liquid crystal
s display device because the donventional liquid crystal display

‘device has at most a 1/16 duty ratio and thus oﬁly_ls lines

~can be driven using a conventi;nal multipiek driving system.
10 A iiquid crystal display device which has a multi-colour display

needs at least 100 lines, and thus a 1/100 duty ratio must

be poss_ible. | | | .

Secondly, it is extremely _difficult to obtain a

multi-colour display on a single substra_te especially in the

15 . case where co_.lou'ring.m#terials afe included :i.n the liquid crystal

material such as in a guest-host liquid crystal display device.

L4

To superimpose panels having different c¢olour compositions
incréésés_ cost and the resultant l:i.quid crystal display
device cannot produce a clear multi-colour display.
20 " According to one aspect of | thé ;;resenﬁ invention there

is provided a liquid crystlai .di;splay devj.cé ﬁaving a plﬁrality
. of picture elements arrangéd .in _a_nia.tzrix of columns and rows,
comprising first and second trénspérent substrates, each
substrate- having an internal surface, the internal surfaces

25 facing each other and being spaced apart to define a space



24 -2 - therebetween, a pl urallty of parallel and spaced apart data li nes

“and..a plurality of paraIIeI and spaced apart orthogonal signal |ines,
|nsn% ted fromeach other, a drive circuit for each picture el enent
Yrcl®di ng, at each data.qu signal line 5 intersection, a first

drivi ng el ectrode and an associated intermedi ate conponent neans for 1
.coupl i ng the data line to the corresponding first driving el ectrode, the
data lines, signal lines, first electrodes and internedi ate conponent neans
“being for nﬁ&emmn.na@mmis:ﬁrrééwonetlh@& ispaceds epprattr @t lingd ural ity 10

of col our éahhtgrpiu;ﬂi@?doPgo 1ok e’ BflcalUigladt St ddin SECARY SubSTrat e

and arr ang In~stri Sal CS correspon to t nt er sect lons, a

second conidre® éE%‘FJGGEdf%P’PrEﬁPCBrP‘%hﬁ-E' U AFhE CEFCukcEXOPAER filters between
t.he col our plietdRr aadadttmlﬁu@t, & et @des amanNgighalli wed crystal materi al

reta ned i nd fillin e ce_between the el ectrodes. Each
dri \E/ge circ eﬁ'ﬁfﬁ**’ gdé"gtt‘#riﬁi'ﬁ Fir?%l’tgﬁ%i of® BFSCIRERE | i near resistive
el ement. Priotemeldiyte ean:hmemt mna)rfotocm.pliny' thcur&telﬁnertc;ths shifted or

di spl aced r ,ggn
Advant ageoggl gépgw rea . ?ﬂi{vﬁg‘?ﬂ rst Y ngagl@ectrode qu each pi cture
el ement is 1IiE%%r £hrat ehkectzpdes ond tinsemmnadiate SATRINGNE Mleons teilnger. The

liquid cr y%ﬂeﬁbﬁmﬁyn@&%&f émfadensfttde msecm;erman& ﬁmaﬁﬁ&ectl ng
: thr g pri mary col our, vid si gnal s _sequenti al i n synchroni sm by
o ﬂ?ﬁ?’

respect i ve °&1 FHCVE; ﬁ‘F’ésﬁﬁ oR thhkeg T‘?’e@ﬁ'\éf'fﬁ? PhitEA $6°8he-third the

frequency @i:bctméeanﬁl atranged din Mpsei:embsai@srmnﬁresgoxﬂmhgjms of picture _
E el enents, %ﬂg ﬂ&%@ée&%ns, a second common electrode formed on the surface : o
of the colour filters between the colour f:I:Iters arid the first
electrodes, and a liquid crystal material retained in and filling
15 '~ the space between the electrodes. '
 Each drive ci_rcu:l.t_ may include a thin film transistor .
‘or a non-linear resistive element.

Preferably, each column or row of picture elements Iis E
shifted or displaced relative to each adjacent column or row.
20 ~ Advantageously, the area of the first driving electrode
of each picture element is less than the area of the corresponding
colour filter. : '
_ - The liquid cr_{rstal display device may include selecting
" means for selecting three primary colour video signals sequentially
25 in synchmnism by respective clock signals haring the same
frequency which is one-third the freguency of a selecting signal
for selecting rows or ccl\mns of pictuxe ele.ments, and means for
applying the video signal frcm the- -sele_cting means to the first
or second electrodes of the. picture elements. -

30 The invention is illustrated, merely by way of example, in
the accompanying drawings, in which:- _ .
Figure 1 is a schematic cross-sect:.on of one embodiment of ;
. a liquid crystal display device according to the present invention; -
Figures 2 and 3 illustrate the construction of colour
35

filters of a liquid crystal display device according to the present
invention; ' '

Figure 4 consists of Figure 4(a) which is a plan view of an



appl ying the video signal fromthe selecting neans to the first or second
el ectrodes of thepicture el ements. The invention is illustrated, nerely bgh
way of exanple, in the accompanying drawings, in which:- Figure 1 is a
schemati c cross-section of one enbodi ment of a liquid crystal display

devi cewsiccording to the present invention;, Figures 2 and 3 illustrate the
construction of colour filters of a 3iquid crystal display device according
to the present invention; Figure 4 consists of Figure 4(a) which is a plan.
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5 consists of Fahs X fhe bR hatAldbidhetib o PLa@ROUNO! 2AG 1 YBrdTRIE] X
el ement of a liquid crystal display device according to the present

invention and Figittheid () kedtliofhtdkendos @kt i ihe - b MGLie@ (BRI ri X el enent
of Figure 5(a) taken on the line A-B; Figure 6 consists-of Figures 6(a)

whi ch is asplan vi ewrihira 5 @onsfstrst beFigutds/§ (satwhich dsemmpilan ofiew ¢f qui d
df spl ay. devi ce according to the present invention and Figure 6(b) which is
a section of thencther\active magris edepantof B dlawidoerystedidispiay dreide ne
A-B; Figure 7: shows the voltage-current characteristics of a non- |inear
ef enent ;" 15 accordipy fgr thegPresent RyeNtigneArd Flgrrs © (B) afpiemisoa section

il r h
ustrate the ¢ the active matrix element of Figure 5(a) taken on the line A-B;

x”“"’ : Figure 6 consists of Figurés 6(a) which is a plan view of a

10 further active matrix element of a iiquird display device according
to the present invention and Figure 6(b) which is a section of  the
active matrix element of Figure_s(a)-taken,cn the line A-B;

Figure 7: shows the voltage-current characteristics of a non-
linear ele'ment.; | _

15 ' Figure 8 is an equivalent circuit diagram to illustrate“the
driving of a liquid crystal display device -according to the-presen;
invention having non-linear active matrix le.lements i |

Figures 9(a), _é(b) and 9(¢c) | show, in detail, the cénstruction

of a liquid crystal display device according to the present invention;

1)

. 20 - Figures 10, 11 and '1i are circuit diagrams of Ya;rious'
embodiments of driving _circuit for # liquid crystal _d_isplay dgvice
accoxrding to the présent invention; - . _
| Figure 13 is'a timing chart .illus.tra'ting__ the operation of the
driving circuit of Figure 12; . | .

25 " Figure 14 is a block diagram of a circuit’for_ generating clock



-

drixing of a liquid crystal display device according to the present’

R tion having non-linear active matrix elenments; Figures 9(a),; 9(b) and
9( show, in detail, the construction of a liquid crystal display device
~according to the, present i nvention; 20 Figures 10, 11 and 12 are
circuit diagrams of various enbodi ment s of driving circuit for a |IQUL@k

- crystal display device accordi.gg-to the present invention; Flgure 13'is a

timng chart illustrating the operation of the driving circuit of Figure
12; 25 ' Figure 14 is a block. diagramof a circuit for generating

cl ock - sighalsifgpatie Geivinbhecideiit o EigueeiX2;0f Figure 12; Figure 15 is a
“timng chart illustrating the operation of the circuit of Figure 14; Fi gure

16 i s a circuigude dgr &sn a0t indngt hhartehthm‘FhOaOEe?atim iofi ¥ circuit of
“a liquid crystal displ é@device according to the present invention; Figure
17, cons¢igcniy off Fiuugar 17(a) and 17(b), shows graphically the relation -

bet ween contrast of dlspla rroduced by I| uid- c rial and applied
vol tage and' sEhgre-Yots & F‘E!ﬁ toftaggam “of qﬁhﬁfoeé%”éi'“&ﬂﬁw R aliquid
crygstal | ay .dev ac : es l.nvent.i F| re 18 is a
bl otk di‘g'a'r"g Ko 3‘?‘#0"1 REr égﬁ'ﬁ%i] 12 ﬁ(?:a &Sg%a \e/éfqﬁjgcecftr?cwd? §5° i qui d

crystal \ according to the present invention; 15
Fi gure 1 eSsBJ;é‘ itng%énicgégchart illustrating the operation of the _

Figure 17, consi-sting of Figures 17(a) and 17 (b) +» Shows

graphiéall& the rc.alation between ‘co'ntra'st of display- ngduced by
liQnid crystal material and 3a;pplied voltﬁge and 'éample-héld operation

10  of a video signal in a liquid crystal display device according to the
p:':e'sent invention; | _

Figure 18 is a block 'aiagraﬁ: of another embodimerit of a driving
circﬁit- for a liquid érystal display device according to the present
inventionj;

i5 '. - Figuie 19 is a timing chart illustréting'the .opéra't:l.'on of the
driving circuit of Figure 18; |
- Figure 20, consisting of Figu:rés 20(a) and 20(b) shows the’
fﬁndam_enta’l construction of high resolving power picture elements W
of a liéuid crystal diséiay ‘devicge according to the present inventicn;
20 ' Figure 21 shows the construction of driving electrodes of a
' liquid crystal .di'.sPlay device according to the present invention
driven by a multiplex driving system; | |
Figuré 22, consists of Figures' 22(a) and 22(b) and shows’ part
of a liquid crys'tai display device according to the presénf invention

25 employing thin £ilm transistors;



driving circuit of Figure 18; Figure 20, consisting of Figures 20(a) and
20(b) shows the fundanmental construction of high resolving power piptuQ§7
elements of a liquid crystal display device according to the present :

I nvention; 20 Figure 21 shows the construction of driving

el ect etles of a liquid crystal display device according to the present.
~invention driven by a multiplex dr?Vving system Figure 22, consists of
Figures 22(a) and 22(b) and ‘'shows part * of a liquid crystal display device

: cor di to th t i l,Qn_ .25 | oyi thinfilmty i St :
R qures 93 ana" EodiEn, 2 P4, a3 wieR arpeifacity Yk iidla| Gikhd SIBECLC
_ di s : . _ _ R
S o ant 1A ESELRICRS <P JIBLR, ShEial el Saplelial oy T 0V

25 shows anot her ment “o devi ce
according to thedgegsfnt invention; and Figure 26 shows a nodification of

the construction™shown in Figure 20(a). Figure 1 illustrates one enbodinent
of a liquid crystal reuse| 75/ sHéws efiotdiee Odnitioagndn® éha DIRIANIrystaXdl sglay A
red filter 8 a -green 10 filter 9 and a blue filter 10 are forned as a

nmosai ¢ or5in saevipe auToadingbseé rthbcprisent (iaventien} aped 6, for exanpl e of
Ssilicon dioxide, is forned over the filters. A transparent el ectrode 5,
acting as a |iquid Bigpzeadé ghiws agnadiSicatide off the gemstructicnhshqwsin ve
l.ayer 6. In sone instances the passive |layer can be omtted. A layer 3 of
15  active nBteEe? Q@hents, for exanpl e, switching el ements or non-linear

Figt;re 1 illustrates one embodiment of a liquid crystal display
e device according to the present invention. A red filter 8, a -green
10  filter 9 and a blue“}z].ter 10 are formed as a mosaic or in strips
on a substrate 1. A passive layer. 6, for example of silicon dioxide,
is formed over the filters. A fransparent electrede 5, acting as a
liquid crystal driving electiode, is formed on the -pas;ive layer 6. -
In some instances the passive layer can be omitted. A layer 3 of
15 active matrix elements, for example, switéh:l.pg elements or non-linear
elements, is formed on a glass substrate 2. Transparent electrodes 4
corresponding to the acti.vg matyrix e].émen_ts are formed on the layer 3.
b Liquid crystal material 7 is encapéulated between the substrates 1, 2
| in ct.:ntact wlth the e:‘l.ectrodes 4, 5 and the periphery of the glass
- 20 substrates is sealed. In operation 1191'11: passes thro_l;gh a polariser
(not shown) and the light polarised thereby passes through the glass
substrate 1.  Light having fixed wavelé_ngﬂl corresponding to a
- predetermined colour: emerges from each of the filters 8, 9, 10 and
passes through the liquid crystal ‘material 7. - If a voltage is applied

25 to ocne or more of the electrodes 4 the coloured light in the regicn



elenents, is forned on a glass substrate 2. Transparent el ectrodes 4
corresponding to the active matrix elenments are formed on the |ayer 3.
Liquid crystal material 7 is encapsul ated between the substrates 1, 2 in
contact .y th the electrodes 4, 5 and the periphery of the glass 20
substr aax is sealed. In operation.light passes through a polariser (kgt
shown) and the light polarised &tereby passes through the gl ass substrate
1. Light. having fixed wavel ength corresponding to a predeternined col our
energes fromeach of the filters, 8, 9. 10 and ses_through the liquid
crystal RatEPEEapleFtroqq oF SASeERfes E’?’&psﬁsea‘q%‘%ﬁ’% 'c'mIe1Eu g? nore of the

el ectrodes, 4 the col our | iaght_i i - 3 el ectrode or
el ectrodevgn@ﬁgfl ’e'spaaggf#%dgggt%rgoéﬁr#r%;L%néﬁe\ggﬁ?%%réﬂ?ssGjaéf)ﬁtegn?%ﬁone or nore
of ‘the e%F&i%ngﬁ:hgtl $flkrddh bPG1eBHlMs 110 RbAKIS. O ! eCt T Odes
wll be ocked. Thus by selectively applying a voltage to t'he el ectrodes
4 a mil't ise LdtQVE 1P appl Hing LA A61ERTe BE theOdideedoadshe, £ abtinabieg of the three
primary colours red, green and bl ue giving the seven col ours of the visible
SpeGHr umaisfllayotsn [bei pludness, khy ofbixiatioe ofotiel threan privargcévleues. by using
the gray scale resulting fromthe sem -transparent states of the liquid  *
crystal mafergreén ah@ blue givingi ther eeven kblawrsavfe $he haisibles spectirimn of

colour filters of a liquid crystal display device according to the present
invention. A Wariqussbrighteess davrls pR &R Falprrs SRR beorpchieydi®, pol yvi nyl
chloride or gelatine is forned on a transparent a%:sgss substrate 20, the

wat er soNFHIE tBE G c5Ta35 TR EHRD EFFR) T8 | 5T ctraRFPHFenESHAtER of5 - and .
green coltggriir&gig%rggaall %a&vngil nting. _T_he col ouring materi "_’", S U

10 Figure 2 .illustrates the construction of colour filters of a

- 1iquid crystal display device according to the present invention.

A water soluble organic resin layer of, for example, polyvinyl
chloride or gelatine is formed on a transparent glass substrate 20,
the water soluble organic layer then being coloured with red,blue

15 o and green colouring materials by printing. The colouring materials
are arranged in predetemined'patterné to form red, blue and green
‘coloured :Eilte;'s 22, 23, 24. A black border or frame 21 is provided
by colouring the boundary of each colour filter with black pigment.
This is to avoid blurring of colour at the boundary of each. colour

20 filter. However, the frame 21 is not required in the case where the
resin layer is of, for example, gelatine which can be. etched éway-.
In the case of a negazltive-type liquid crystal display device, a.
colour inﬁibi’t‘or muét be included in the. frame 21 in addition to the

.- black pigment since the colouring power of the colouring materials

25 along the lateral direction is relatively strong.



are arranged in predeterm ned patterns to formred, blue and green col oured
filters 22, 23, 24. A black border or frame 21 is provided by colouring the
boundary of -each colour filter with black pignment. This is to av0|d
blurri-ng of colour at the botindary of each colour.20 filter. 4%3
the. fremre 21 is not required in the _case. where the resin |ayer |s of “for -
‘exanpl e,- gel ati ne which can be etdhéd'amay. In-the case of a negative type
liquid Crystal display devi ce, . a colour inhlbltor nmust - be i ncluded in the
frame 21 in additio o t e bl ack the coI urln r_of the
colouring material s™ Bﬁ afﬁ% raJ %ﬁh ﬁﬁeve °“§trong

29 -7- Next, e 1 lters
and a transpar ﬁirtgcon Ec%lh/re %| ec’t?tr ogh%%éréssef%gén{:ﬁgo‘%% e pa33| ve lﬁ Il m25
and phot o- et chethshige F118 35N8nd PREESRYRRA kb Five Eihenééeeaaﬂa?saéezspnduct Ive
el ectrode 26 nmay be forned directly on to S he colour tilter wthout

the passive fitHd €ansphierthicéndirttve lelléctirbad Veaks be CLAIHLE gl ¥octayesd rode 26
may function also as the passive film The colour materiatls of the col our

filters nfiy detlar colairefilitelrewithomy etie \geznivehEilm 265 B ehis cosxiuthe ve
€l ectrode is formed. This disadvantage can be avoi ded (as shown in Figure

3) by form ng #fanspafertatsndi®Rti Ry 8leci4old %W@uﬁééi&ﬁrﬁsgjaSOEhé passive film.
transparent glass substrate 30 and by form ng a transparent conductive

él ectrode 33 on a tﬁmcgle\arsmerw%ﬁspfc@er Folpugofidiers may degpeiarate iof t o

the glass substrate 30. F| gure shows an agtlve matrix_element 41 of a
liquid cryst a|be ged w n transparent conductive electrode is ormed. -

: Mt 'l‘his disadvantage can be avoided (as shown in Figure 3) by forming

1o a passive layer 34 on colour filters 31 on a transparent glass
substrate 30 and by forming a transparent conductive electrode-33 on
a thin glas or 'plastics £ilm 32 and then _adhering it to the glass-
substrate 30. | | |

Figure 4 shows an active matrix element 41 of a liquid crystal

15 .display device constructed on a transparent substrate. This type of
active matrix elerent has the advantage that a driving duty ratio o
of more than 1,/100 can be attained and a gray scale display can easily
be achieved. The active_.matrix element of Figure 4 includes a silicon

thin film transistor 49 on a transparent glass substrate of, for

f

20 | example, pyrex {Tzade Mark) or quartz having a comparatively high |
| melting point. Thin .film transistors can be more easil§ constructed
on a transparent qlass substrate compared with forming conventional
active ma.trix elements on a single crystal wafer of silicon. -
Figure 4(a) shows the active natrix element 41 of a picture matrix.

25 A gate line 44 (selecting Y-line) is connected to the gate of a



et
=

15 di spl ay device constructed on a transparent substrate. This type of

active matrix elenent has the advantage that a driving duty ratio.

of nore

. than 1/100 can be attained and a gray scal e display can easily be achieved.
- The. actxﬁ matrix el ement of Figure 4 includes a silicon thin film .-
49 on a transparent glass substrate of, for 20 exanpl e, kT ex

transis

~ (Trade Mar k) or quartz havingga_ conparatively hi gh rrel ting point. Thin

~filmtransistors can be nore ea5| |y constructed on a transparent gl ass
substrate conpared with formng conventional active matrix el enents on a
singl e cCryshdllst¥Ris®), Pigath!isaenes RkaLnQ) 4R borileersa LBOLIRC bbwke ML I i X

el enment 41 of a pi cture matrix. 25 A gate. line 44 (selecting Y-line) is
‘connect e@st gne RearilbCo®49athrough & cortarsimdler4?and a dequidl exyetd8 (X-1ine)
is connected to the source of the transistor 49 through a contact hole 47
and a | i quieing ghdckirods mlmcehﬂnteocb #he idsairopfickiectivansistor d9ai n of the
transi stor -49 through a contact hole 46. A capacitor 48 for. maintaining

el ectri cahréugh a crngacfe hole f46s e chpacisen 48 feromathtainingSlentaicale

el ectrode 42. Figure 4&32!: i's an equivalent circuit diagramof the active

mat 81 x elcharge igiforped

WRen Aogrusd Jiing 85, 38d the qleetxdestn ea vol t age

t hrough the data:line 43 I's a to the capacitor_ 48 and t he el ectrode
pEEEREEY & sgrem

42. Electri cglig'é’F‘Fa? is

Y yeHite

ground I|n h eI tr h elect gan be
mai nt ai ng'a g (S'Qr%g‘?]'per:ﬁ'gn)a ttlrrar'é'isslIﬁ%:le o rre%%a@ggegﬁlrough t he

‘transi St

Hﬁﬁ LkoS'Hd lang TheE
princi pal ?i % '% IS determ neg by t ng'f‘g of&#’?me t he e ectric

charge i %hﬂl@kerﬁdéi hegiddii188C Aoy is thus stored by the capacitor

10

20

25

An oxidation layer is formed by oxidising the surface of the first

48 between the ground line 45 and the electrode 42. Thus electrical
charge can be maintained for a 1ong period of time since current.
leakage through the transistor and the liquid crystal material is |
negligibly small. The principal duty ratio is determined by the |

period of time the electric charge is maintained/the time necessary

_for inputting a. data signal, and this value can be more than 10 ,ooo

Bowever. the capacitor 48 does not need to be of as 1arge an

area as the lz.quid crystal driving electrode.

Figure 4(c) is a sectional view of the active matrix element

taken on the 1ine A-B of Figure 4(a). A first thin film layer

silicon channel region is fomed on a transparent substrate 40 hy
a low pressure chemical vapour deposition technique or a plasma .

chemical vapour deposition technique and is then patterned.

thin film layer and after that a second thin film layer of silicon

is formed. The gate line and the ground 1ine are formed by patterning

i9f,Fhe) @ctive g 1ot veen t he



15 for inputting a data signal, and this value can be nore than 10, 000.
“ However, the capacitor 48 does not need to be .of as large an area as the
liquid crystal driving electrode. Figure 4(c) is a sectional view of the
activeymatrix el ement taken on the line A-B of Figure 4(a). A first thin
filml arer 20 silicon channel regiop is formed on a transparent
substrate 40 by a |l ow pressure chem cal vapour deposi tion techni que 03}3
pl asma cheni cal vapour dep03|t|on techni que and i's then patterned An

oxi dation | ayer | [ €5 forkgt film
| ayer and af%/er tt‘% {e a secon a?FQP ay%éridL?f& ?I con ehléﬁ egéil%gr med.
The gate |ine agg uﬁ]aﬂmgr u&%' Ang {4eiesk Y Azxhisy magﬂ. rhbdG §8€ONd

thin filmlayer. eOXI ation layer is then etched using the second thin

filmlayer as agnéiiebiiy fiki's1 dfda gatilelettitne To age folidil AMG-aypat e
el ectrode 50 are forned. An N-type layer is fornmed by inplanting positive

ions int'o the filapir ikiformed by isgplankine positiiveziong irdte the iesechinde 50
as a mask. Thus, a source 53, a channel ‘55 and a drain 54 of the .transistor
49 are forfed. tﬂéln layenmtildaiog they gateR1lectxide PO awd masionThus, Bole i s

férmed and the data line 43 and electrode 42 are forned by depositing a

transparent con@eetdeva3s iy ghagneh 3% P88 Snalhaf1qf fhadransistor| 4P @pes
construction the el ectrode 42 pIa s the roleg of a light shutter so that

col oured |ight EBFRedy f¥e¥h tHop Ig¥ercr2 48 9epopthed g TRERT PR LS o
t he active rmtr'onie'f%& 41?a|as _J&Lﬁnagtted oI %ogged b r_n?heldsPF?hutter
Furt her nor e a p y varyi 9 I-g
transmittance Okf%vef gpw gziépmﬂ Lol et TR ?iiﬁlwiGQ%bQé@.{eﬁtyp@teming.

controlling the
10 In this construction the electrode 42 plays the role o:E a 1light

shutter so that coloured light coming from the colour filter
corresponding in position to the active matrix element 41 is |
transmitted or blocked by this shutter. Furthermore, gray scale
display can be achieved by varying light transmittance of the liquid
s crystal material continuously by controlling the level of the
voltage applied to the data line 43. A liquid c_rystal display device
constructed of active ;nat_rix elements as .shown. in Figure 4 has the
advantage that a full.colour.dis_play can be produced by mixing the
primary colours .and varying the intensity of each colour using the gray
20 scale le'vels. I-"urther a display composed of a 500 x soo matrix of
picture elements can be formed because of the extremely high duty
ratio using a point or dot at-a-time system.
' Additional means :Eor improving driving duty of a liquid crystal
display devioe according to the present invention is to use non-linear

25 elements as part of the active matrix elements. Figures 5 and 6
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‘vol tage applied to the data line 43. A liquid crystal display device
constructed of active matrix elenents as shown in Figure 4 has the

advan e that a full col our display can be produced by mxing the primary-
. col qurs&and varying the intensity of each colour using the gray 20 .scal e
“l€evels. . Further a display conposed of a 500 x 500 matrix of picture W

el enent’'s can be forned becausej@f- the extrenely high duty ratio using a
point or dot at-a-tinme system Additional neans for i-nmproving:driving duty
of -a liquid crystal display device according to the present invention is to
use NonN- Ishow athe 2&onstredtd bR LS adisi veakdtrdk ¢lementct ewplayihg inoneliowent s.
"Figures 5 and 6 - 10 - show the construction of active matrix el enents
enpl oyi nglemsntki near el enents.” An-active matrix el ement 61 shown in Figure

5-consists of a driving electrode 57, a MM ;_get-a;l %I nsujlysat_téor%rret al) element .
FHELI ¥ IPREYS®pPt VA ng a data

62 and 5 = Ar)@agtiNe mErix mlemente bl dwwnn
signal to it via the MMelenent 62 fromthe X-1ine 58. Fi

i1l ust r atdEdvingeeleateeds oy oh MBH mebalikmsutrtoarPetely SREME

;

ure 5(b) -
£ |ure 5(a). A

t-ant_al fLlp roped Qn-a te 56 Iy t in d.is.th
pat Cor nodh FGLPS, B+ nboac P ra el STate s 18, MRS L8 Butnn 10 ) (o

odizing it.

500 [err],i L cle sty ieS edddl t | &gn Ve &
After thetl-'to, {]%1 L_C%ﬂaél g?n“legyer %ggi%g?o%eﬁﬁ%?gs% t%’?‘ﬁfg %@g then patterned
‘to form gR ke s pet ddderucthit lod BRe @Bl Rderix/elcheherdfed. An active

matri x el enment 64 shown in Figure 6 has two di odes 15

series. Afdgied i5N&) H6AI CantaD@e ELES HsOfcrheal &L lar iR tolte 56 by

10

15

20

25

sputtering and is then patterned to. form the X-line 58. Aan oxidation
layer 59 300 £ t6 500 & in thickness is formed on the tantalum £ilm

by anodizing it. After that, a tantalum layer 60 is formed by -

" sputtering and then patterned to form an ‘upper electrode. Next the

electrode 57 is formed.

An active matrix element 64 shown in Figure 6 has two diodes

' connected in series. .An x-liné 66 is connectéd to an electrode 65

through a N- or P-type area 67, a P- or Nétype area 68 and an N- or
P-type area 69. Figure 6(b) illustrates the construction of the

active matrix element of Figure 6(a). After forming an island of

" silicon on .a transparent substrate 61, the N--or P-type areas 67, 69

- and the P~ or N-type area 68 are formed by ion implantation.

A transparent conductive f£ilm is then formed and the X-line 66 and

the electrode 65 are formed.

A non~linear element has i_:haracteriticé as shown in Figure 7,

current éhérply increasing when the voltage is at a gi\'ren' level.

The equivalexit- circﬁit shown j'.n' Figuré 8 illustrates driving

connected in

-



through-a N or P-type area 67, a P- or Ntype area 68 and an N or P-type:
area 69. Figure 6(b) illustrates the construction of the active matrix - :
.element of Figure 6(a). After forming an island of silicon on a transparent
substrate 61, the N- or P-type areas 67, 69 20 and the P- or N-type: ?'fa
68 aré-tforrred by ion inplantation. A transparent ‘conductive filmis the
“formed and the X-line 66 and the el ¥ctrode 65 are formed. A non- l'i near

el enent has characteristics-as shown in Figure 7, current sharply

i ncreasi ng when the voltage' is at a given level. 25 The :
equi val ent. ci.refia rdpewme P#@Pﬁ@ésﬁﬁipglﬁﬁ Pa’e’@‘i‘équr\\’ﬁ?@l celBBl and) a. of
a-picture elenent consisting of a liquid crystal cell 81 and a non-1linear

el ement 80. ThBOWMUIPERT, EApmentafRmnt %“P%‘Js"l?ﬁ?f] ejemept, 80 45 fhoym PESA st ance
"RM d t CM d | I‘ t al [1..81 )

S val ons T o Pep e Rt nt st ante J. tnd 5 Siapet £ a"d' R T

vol tage VD hi gi&g taliafs tslilgwﬁ QEe 1Hi¥ £e§i 50 tah | sp?t& Rgar

el ement 80 mhen e lTqurd crys pro uce a ay, a

- vol tage VM al nost  egpadpelae £iy Wab@@rﬂ’ﬁi&lﬁgetﬁﬁ P Re-&Rha ek id1e

I quid crystal cell because of the’low resistance of the resistor RM Thus,

in effect, a veppoga d/the Mat1iddar exsht 180 e YAl LagELd/Bristaappdliredl t 0
the Iiqui d crystal cell. The resistance RM becones extrenely high as the

“Operating vol t agetd/Prédicesa iztspYayt,he tditageh WM dalmese |equiheoy e tapgdiddV
gradual |y decreases due to discharge of the capacitor CL, the time constant
o-f'. t he di schar geltagsen¥P detry mPpbiedopo tthe 1@1§tm§'ealof°e}h@epesﬁ§spﬁrtml%d
b . resistance of the resistor RM. Thus, in effect, a voltage VM almost
10  equal to the voltage VD is applied to the liquid crystal cell.
The resistance RM becomes extremely high as the operating _voltagé vD
. falls below the threshold level. The voltage VM gradually decreases:
~ due to discharge of the capacitor CL,. the time constant of the
dischaz:'gg being determined by the resistance of the resistor RL and
15 the capacitance of the capacitor CL but the voltage caﬁsing- the ligquid
. crystal cell to produce a display can be_mainﬁained for a relatively
long time.'_ While the liquid cell is not producing a display, the
U | voltage VM is nearly O volts. Therefore, the voltage VM fqr causing
the liquid crystal cell to lproduce a display is held on the capacitor
20 ' CL so that the duty _ra"l:io' of the liquid crystal display device as a
'whole- can be increased. This is a similar effect to that achieved
by the active matrix element shown in Figure d.. The electrodes . -
57, 65 of the active matr:l.x elements of Figures 5 and 6 also play the
: i:b_le of a light shutter.. '

25 . - - The advantage of using non-linear elements in active matrix



15 t he capacitance of the capacitor CL but the voltage causing the liquid
crystal cell to produce a display can be maintained for a relatively |ong
time. Wiile the liquid cell is not producing a display, the voltage VMis
‘near|-yqgQ volts. Therefore, the voltage VM for causing the liquid crystal
cell*t'd produce a display is held on the capacitor 20 CL so that thied
duty ratio of the liquid crystap display device as a whol e can-be .
increased. This is a sinilar effect to that achieved by the active matrix
el ement shown in Figure 4. The el ectrodes 57,.65 of the active matrix

‘el enent s edbmdritguofa Iiquid Crydtsd qilsplay Heviae ecadrding itghthespu¢dent. 25

The advantage of using non-linear elenents in active matrix - 12 -

el ement s igkentiongis c!the-tlyssmled copstxyction erakiing qulenﬂhéilpnlesent
invention is their sinple construction enabling conventional sinp

mul ti pl ex@vdEinten dxiying mysheRs: shern gubnEpble dsceither 11//88°br1/i¢ 1”9 to be
enpl oyed.. Non-li near el ementsﬁﬁan be used to produce Zﬁscal e 5

di spl ay. beTﬁ@Jl?Yeoi‘?'e TR 1Aae e Sremants P I"TS(T o E’F% Ys§F3N device to
produce SC, edlsl | ve t ematrlx el enents -
sucﬁ!yas :%gﬂn gure %Dlt\%lgt‘ﬁ Vo ;{“%{‘,919, 2 g-nfj rﬁsgtg‘ h e %ont rast level =
or gray llﬁ?%x e; di.sp wyol tages
correspondi nge Etg ggal%/bgg%%gg%ts% ay 10 can b"'1 i%ttgl ne by&g‘éynpl ing

and hol dim@rHb eh 8B sSskkhs SHIGh inSFidurdOd y3leh Ndlch%ess ¥oHREborfiagher
met hod of driving a liquid crystal display device to produce a gray scale

di spl ay it® the GbhwfasthBewkat oY grapidcale aihEBsrciudingy ar dbnt@nicie qudyse W dth
- of a driving signal. For instance sixteen |evels of the gray scal e di spl ay\/
can be oldcaleaiisplay. The voltages corresponding to the gray scale display
10 can be cbtained by sampling and holding an image signal, that is, a
ot ag-a;timé system. Another method of driving a liguid crystal
display device to produce a gray scale display is to drive the active
matrix elemépts by varying the pulsé’ width of a driving signal.
For instance sixteen levels of the gray scale display can be obtainé.d
15 Dby dividing a selecting frame into 16 terms wherein one term means
| ocne level of the gray scale display. The above-mentioned pulse width
modulétion system is a line at-a-time ‘'system.
In the case of driving liquid c:Ystal display devices with ' v
active matrix elements including non-linear elements both a line
20 at-a-time driving system and a dot at-a-time driving system can be
used. _ | ' ' | : | . s
In the embodiments according to the present invention
described so far the colour filters ave formed on one substrate and

the active matrix elements on the other substrate with the liquid

25  crystal material therebetween. If the active matrix elements are



15 by d|V|d|ng a selectlng franme |nto 16 terns wherein one term nmeans
one | evel of the gray scale: display. The above-nentioned pul se width »
modul ation systemis a line at-a-tine system In.the case of driving I|qU|d
crystal display devices with active maty{3x el ements-including non-linear , _
el enenme both a line 20  at-a-tine driving systemand a dot at-a-tine 35
driving system can be used. In the enbodi nents according to the present

i nventi on described so far the colour filters are formed on one substrate
and the active matrix el enents on the other substrate with the I|qU|d 25

t al t | th If t t | t 1
grSy?o?rregadﬂ la?t ly onz?%ée\ﬁofcﬁ}? bl &PI Veféﬂ%’%c?ﬁ?e %angitzﬁg stigs coI our
filters may deteriorgt @h@&gﬁlﬂe%ﬁé&s%ifﬁg@&ﬁ&féﬁ g&?rt‘i@?g i@HQUf acturing

e

yield. Figure 9 shows In detall an enb ment o ui d

crystal display dewteaaaggowlaggrg&etgﬁl&gmg iAweqtion. Fi gure 9(a)
shows a gl ass substrate with active matrix elenents 90 thereon and

respective driving el ectrigdes 9showsetn (d8kaiDlavCentRRindtit GEQEN (G) col our
filters 92, 93, 94 are forned . on a glass substrate 10 : 91. 'A :
passi ve Iéyer 95 covégeiq hmloatsﬁlaytmscamdc&dihgwmghelmsézﬁde 96 is
formed thereon. A liquid crystal |ayer. 98 is di sposed between. the gl ass
substrates 90, 91. Anr)@?td-PPm FaoprerOda) sbows loghassi ssulistaated9t 0 ei t her

gl ass substrate and Iﬂ? i s applied_through the polarizer.
active matrix elements 90 thereon and respective

. . ‘driving electrodes 97. Red (i!) , blue (B) and green (G)
 colour filters 92, 93, 94 are formed on a ‘glass substrate
10 | 91, a passive layer 95 covers the colour filters and a
‘driving electrode 96 is formed thereon. A liquid crystal
" ‘layer 98 is disposed between the glass substrates 90, 91.
A polarizing plate (not shown) is attached to either glass
substrate and 1ight is appl:l.ed through ‘the polarizer |
15 "' into theé liquid crystal display device. -
" ‘There is a problem of light shielding because of
the existence of gaps between the. colour £ilters or between
b ' the electrodes 97, light entefing these ;ga'ps: ceusihg' |
‘deterioration of the colour display. For instance,
20 " when ‘light is passed through 'tlie.g'lass ‘substrate o1
v some light leaks thrsugh the gaps b&:ween the colour
filte'rs'an'd ‘between the electrodes 97 even if the active

matrix elements are not energised.



215 |nto the liquid: crystal ‘di-spl ay device. There is a problen1of

" Lipht shiel ding because of the existence of gaps between thé colour filters
or between the el ectrodes 97, light entering these gaps causing
deterioration of the col our dlsplay For instance, 20 when |4 ght

‘ i's.passed through the glass substrate 91 some |ight |eaks through the\daps
"between the colour filters and batween the el ectrodes 97 even if the active

“matrix elements are not energised. - -14- There are two possibl e measures

~.to counter this problem One neasure is to use negative-type liquid crystal
~mat eri al wherfhere give twe possible messuresiteioypter £hig|prabkemhei ng appl i ed.
Thus -.the transnittance -of light is always shielded through the gaps between
5.. t r@emdéstgwsemﬁéveﬁms l},:Lgu:}ds crystady prterpph Weere ame bet ween

- th | filt f t

{oget nerLight s aeb o SR L rb Bryees be Fort grrt e%ﬁse%%‘éa{éﬁﬁizrﬁ?
l'i ght d b d
ey SRRHRRRE e i s e HfiE, 7
~actd ve r ca i r e &ht at the
. actd, L%k *ilﬂé!&e&*kﬁeish&é Y 95 fotm Q%&Q{::g 3%

edges adj acent t f 84 and the filter 03 may rou the active
mat ri x Géh@nsélfouﬁofi[l%é?@%l BownO14 e ghid LOr 1R uddhog iﬁeggttdoeakage causes
the colour display to deteriorate. To avoid this problemthe colour filters,
‘shoul d hideures]l BogethkfllfFings oG Gaaéwth hord BEfeafive hesabts espondi ng active
matri x el enments. For exanple, the driving el ectrodes 97 of the active
- matri x el enerthe appearance of light passing through the liquid crystal

material may be blurred ﬁpon energising the active matrix elements. ~
1o For example when only the active n;atri_x elements. above the filter 92
is energised scme light at the edges adjacent the filter 94 and the
filter 93 may leak through the active_ matrix element cprresponding
to the filter 92. This light leakage causes the colour display to
deteriorate. To avoid this -problém the colour filters should have a
15 large area compared to that of the corresponding active matrix elemeht_s.
For example, the driving electrddes 97 of the active matrix elements
are made smaller than the corresponding colour filters as shown in
Pigure 9(b) and Figure 9(c). | - -

'Liquid crystal display devices which produce' a multi-colour

aw

20 display require that the difference in the transmission of light
between an opened state of liquid crystal shutter and closed state _ #
must be relétively large. When the liquid crystal display device is
of thé normal positive twisted nematic. type two polarizers are used,

" one 5ei’ng disposed on each side of the liquid crystal display device.

25 In this case the light transmittance ratio is determined by' the



are nade snaller than the corresponding colour filters as shown in Figure
9(b) and Figure 9(c). Liquid crystal display devices which produce a N
mul ti-colour 20 - display require that the difference in the transniss?gﬂ.f;
of Tiggbrbetmeen an opened state of liquid crystal “shutter and closed stdte
nust be&relatively large. Wien the_l{quid crystal display device is of the
normal positive twi sted nemati-c type two pol arizers are used, one being

di sposed. on each side of the'liquid crystal display device. 25 In“this

case the |ight aifAQgesdde 88 biadideds) thdet AP BOGgbYaKenCin aiddedichangenent
of polarizers, the ratio being taken in dlrectlons parallel and vertical to

the pol ari ser spafilaelima bertibas ﬂ’oathé)pb!iaxfﬂ’sGRJOPr&tSQallentﬁiErﬁﬂf& ief a
guest-host liquid crystal display device, the 5 brightness is twce
that of a tw sfeem AOnes 50.1iquid crystal display device and the

transnittance ratio, which is relatively large, is solely determined by the
liquid crystal mat eitn AhesFanec of 8 wuestchpst ddauld crystedcdisplaydeviesi shee,
in nost cases a guest - host cgwd créstal di spl ay devi ce includes a bl ack

| i
col ouri ng®mat ePFLgutaRss: fs 1epi %W%‘Gc@aﬁﬁﬂéﬂﬂ crYaFajoftariayi s
applled when |éebecone EL%ans arent so t gk ht tr mjtance is over
50. Mbreover, y"p‘éﬁﬁ'ﬁ'&ﬁﬂ%"sf "tf\'flg H’?’?ﬁ?a’gﬁmﬁe\ﬁlsce
shous_excel | engofag 8laplsld B9 G2 sJ@ai 180543 LCe SdiBCene
especially sta ,. T e ty V|ng vor a e and | ar ge

transm ttance Mefurtmﬁos'ﬁo&va&ﬁp 948 Sl Oéésewws&rhxﬁé Hiquia
dlsplay devi ces are advantageous fromthe- p0|nt of-- vi ew of
* crystal display device includes a black colouring material which

10 completely blocks light until a vcltnge is appliedﬁwhen it beccmes
transparent so that the light transmittance is over 50.__ o
_ Moreover, a positive-type guesthost liquid crystal nisplay-
derice shows excellent characteristics cnqpargd with_the negative-._
type, especially stability, reliability, lower driving voltage and

.15- large transmittance ratic. Further positive-type guest-host liquid
crystal display devices are advantagepus from the pnint of view of_
avoiding leakage and blurring of light. Thus ideally a liquid _
crystal display device according to the present invention is of the
guest-host type and black colouring material in the liquid crystal

o 20 material enables an excellent multi-colour display to be nroduced
using three primary colours. . _. _

. Figure 10 is a circuit diagram of a driving circuit for a
1iqnid cr&stal display device according tq,thg_present invention
nsing a point or qnt at-a-time system. Filters 106 of three primary

25 | colours are arranged in strips in the I-diréctionqa.nonnnn electrode

is formed all over the surface of the filters, and driving



. avoi'ding | eakage and blurring of light. Thus ideally a liquid crystal

di spl ay device according to the present invention is of the ‘guest-host type

. bl ack colouring material in the liquid crystal 20 mat eri al enabl es an.
-excel'l'ent multi-colour display to be produced using three primary col ours.

"Figure 10 is a circuit diagramof a driving circuit for a |iquid crystw

di spl ay device according to THE present invention using a point or dot
at-a-time system Filters 106 of three primary 25 "col ours are arranged
in-strips in the Y-direction,, a_c¢ n : | d all over the
sur f ace®Hf i P%’é”s?,g 'Eﬁ‘g‘ ‘dlh \?lg%g&g al-eélggﬂeﬁ%ggt#sg gg{ﬁgl igned with the
filters are.arr td: L, Xt | i e ~direction as the
filter s%ﬁ'ﬂ%&g 2’?2@% %%é% Jfbgée{'(raé %I(rigﬂgtei gfir.lﬁstur%?glg in the X- direction.
Thus a JfBtidohel 108 ald!lLRrodfREENt Stkfpd QhNBE x4 shift 5 register 101
supplies signals SI .... Sn to respective transistors 104 in synchronism
With a giekist INehud & hitixooE plctiirdcel diegts |is\Eotmeam ansaify i fier 103 is
supplied to the electrodes x1 to Xn successively by rendering the

trensi s&ﬁm&ﬂéb;omoéﬁbm'eygsiigmahpgint..os- dot respeativentrangdseons “A shift

regi ster 102 selects Y-lines Y...710 'VnysuccessiveL in synchronismwth*®
a cl ock1e4 gnasyrchrediem Withee ¢lsickusigmiadnty sandR vidso Si/mla\'% sel ected for

-every Y line in synchronismwth clock signals [err]1l err]2' [err]3 The,

clock sExpmpen dmpiifier @3 dsosupnlied Fonthe efpetxodns Huke&uwi dth as the cl ock

signal [err]4 but a period which is three égges as l,ong, as that of the

cl ock sPufRessiwaly) By repdexing the kEepsishers A0? copipqy & B¥Panged as . -

strips Io:r:] éoqea'l}.{-aqtg.uei eCtsing"a.ndAtsQ& rx%%ESEL%V:.oz selects Y-lines ¥, ... \J

10 Y, successively in synchronism with a clock signal ¢ 4+ Three colour

signals VSR, VSB, VSG are seieéted‘ for every Y line in synchronism
with clock signals ¢1', 22 R '¢3. The clock signals 4’1' ¢2,' ¢3' have the
same pulse width as the clock signal ¢ 4 but a period which is three
times as long as that of the clock signal ¢,. In this method, the

15 filters are arranged as strips in the Y direction and the frequency
for chan'gipg'ove:- each individual colour signal car be reduced.Thus the
number of lines in the -¥ -directibn can be increaséé so that a s'uperior
resolving powexr can be obtained and a good quality display can be

. produced.

)

20 ‘ Figure 11 illustrates ancther embodiment of a driving circuit
for a liquid crystal display device according to the present invention s
vhere colour filters 116 are arranged in strips extending in the X
direction and using the same point or dot at-a-time system as
Figure -10. Therefore the number of lines in the transverse direction

- 25 can be _:anréaséd and the pict_ure elements are in the form of square



for changing over each individual colour signal can be reduced. Thus the
nunber of lines in the-Y-direction can be increased so that a superior
resol ving power can be obtained and a good qual ity dlsplay can be produgﬁ?
20 . Figure 11 illustrates another enbodinment of a driving circu
for a‘h&qU|d crystal display device according to the present invention
where colour filters 116 are arrangeliZi-n strips extending in the X
direction and using the same-point or dot at-a-tine system as Fi gure -10.
Ther ef ore-the nunber of lines in the transverse direction_25 can._be

i ncreased and t%spl @‘H‘Pe‘ BpEyRat; Lsplay oo he prgRvRedr SR Ei@re 1l phe o o
Thus a nat ural dIS can roduced._ln F out put f.rom a
shift register °Pf gf#ﬁfﬁ%*%ﬁéc’flrzodﬁiseqf ?‘éﬁ&%?@? Pt

h d -
71 ving el ect Sa%%éﬁgﬁiﬁ Frmcheopten Bftnfind Udllie bhy & PRRAOL, wdCy,
successivel y 2 yigil dHeOup ﬁ@i%?.ﬁ@@l@éﬁ;{o%gf fisegy samécé@huea RieG B)

filters. In addition clock signa [err err]2 [err]3 produced by

di viding & cl oGlegsbauiahii elidéts BhctasBiRAyPhASRS wgqmﬁum&gsw&ba.l n
synchronlsn1colour video signals VSR, VSG VSB which are transmitted to the

X lines. In thigregRtdiddblien@ryigjen) dlterssi gnmladlitien éloekisignalsld,el %,t h
each other according to every col our video signal and connected to sanp

hol d switches kiSé, Hroducedl hyl\dinvtalygoasclacknsignal phy Abtofthreeephades educt i on
of power consunption of the shift register 111 which can be used within the
range of its opedect mycoqrsduelys incemchronisaqeriouy Bilee i garlrc NSRE VSC si gnal

[e&iLS can be one-third of the nunber of dots.
VSB which are transmitted to the X lines. 1In this method, the video

10 -signal lines are :l.n parallel with each othex according to every
colour video signal and connected to sample hold switches 113.
This is _advax:tageous from the point of view of reduction of power
consumption of the shift register 111 which can be ugd within the
range of its operating speed, since the frequency of the clock - -
15  signal ¢5 can be one-third of the number of dots.
Figure 12 illustrates a further embodiment of a driving eircuit
:Eo:f a liquid crystal display device accoxding to the present invention
j { ' whexe the colours lR, G, B of the colour filters are arranged in a’
mosaic. A colour R, G, B is allocatdd to each picture e;l.ement, ‘the
| 20 colours being shifted by cne pitch to the left in each X line.

For example, each pictu:_:e _element' shown in Figure 12 is.driven by

L)

signals from X- and Y-lines constructed on the glass plate as shown
in Pigures 4 to 8. A shift reéister 122 receives a clock signa;l YCL

-and selects gate or Y lines ¥ to Y successively :Ln synchronism.

1
25 On the other hand, during the. period of selecting one of the Y J:.i.nes,



Fi'g'ur'e 12 illustrates a further embodinent of a dri vi ng circuit for a
l'iqui-d crystal display device according to the present invention-where the
colours RR, G B of the colour filters are arranged in a nosaic. A colour R .

. B is allocated to each picture elenent, the 20 col ours being shifted
by "one pitch to the left in each X line., For exanple, each picture el egent
“shown in Figure 12 is driven_Ry signals from X- and Y-lines constructed on

the glass plate as shown in Fi'gures 4 to 8. A shift register 122 receives a
clock signal YCL and selects gate or Y lines Y1 to Ymsuccessively in - .
synchr onj ik e %egistidd 1&@'39{;.%@@5%@%9@'9%h&i&eggﬂglwtéeh@ct' ng one of
the Y |lines, - 18 - a shift register #21 sBpplies sighals S1 to Sn
successi ysteyof @rhii€lgots 128 fdrmastsbers-1138s Oredlat @ of viladd nes X1 to Xn.
A video signal Vs froman anplifier 124 is saﬂ’pl ed8successively by the

t ransi st sirgna? 37sa Bgboh @h CangrliFiwer X24 iiscsamfled tsmcressibylpiyuetid Nng the 5

gates of transistors 123, Thereby, the video signal is transmtted to
respect i taangistiogr B2k lapdeheld emdhe Milindam X, cn Xhebyprothatddg thee vi deo si gnal
Vs consi sts -of- respective colour signals VSR %¥SB, VSG nultiplexed = in
synehr ond&Re % kransgekoxs JAat s Thprabyy 1theovidaa phomalt is sraeemistedy that the «
timng of the cl gck i-ignal S err;l. to '[err.&g corresponds 10 .- .to the '

ar r angenth e TecELTT BAEFHT S19MPEP ad B HERYRY §2F B8 BFRAUGPR: el ement.  For

exanpl e ring the peripod of, selecting the Y-I.ine Y1' th ' | .S1 nust be™*

| a);;plrriped 0 H}%%,g %B'g'f %'? r?@g fjfs}%s? t%?g?%qgﬁncg%!f’%isgﬁ?%st ﬁs@hggg‘l Xgﬁ Si ;nal
err]l, LY. Yheshfhi-Qck of aed | ' Y;: l'ipe, Y2, I.s signal nust..

: [be a]ppl !‘@%E%%héggggesb 1?5‘. = 8:?&![ Egééﬁg%%{%ﬂﬁl :tﬁ %3]n.c %gﬁi sm \?\II th theyy

clock sigaksd:9 thak RBEAKCng of the clock signals ¢, to ¢, corresponds

10 to the arrangement of each colour filter allocated £o the picture.
. element. Ejor':exan:pié during the period of selecting the Y-line Yl'
‘the signal s, must be aﬁ;ilied to the .ga'te of the transistor in
‘synchronism with the clock signal 'j;l, but during the period of
selecting the Y-line 22, this signal must be applied to the ‘gate of
. 15.  of the transistor insynchronism with the clock gignal' ¢2 because
- the v:l.deo signal 'VSR'mt.:ist" be supplied to the picture'eléh'ent'with
" the ‘colour R and the video signal VSG must be sz:'lpp.lie'a to the
picture element with the colour G. B R | u
Co Figure 13 is a timing chart illustrating the operation of the
20': driving circuit of Eiéqie 12, 'In'_the éa;éé of selecting the ¥-line
Yy, firstly the video signal VSR is supplied to the X-liné x in s
synchronism with the clock s_ighétl ¢1 whilgt the _Sigﬁal'si is applied |
1 ' The ‘vidéo '.signal
VSG is applied to the X-line X, in synchronism with the ciot':k:'-s'ignal

to the gate of the transistor 123 of the X-line X

25 ”¢2' whilst the signal sé is applied. The video signal VSB is supplied



the video signal VSR nust be supplied to the picture elenment with the
colour R and the Video signal VSG nust be supplied to the picture el ement
with the colour G Figure 13 is atimng chart illustrating the o.peration{l _
of the 20- " driving circuit-of Figure 12. In the case of selecting the
Y-linewfl, firstly the vidéo signal VSR is supplied to the X-line XL in
synchronismwi th the clock signal [err}) =whilst the.signal Sl is applied to
the gate of the transistor 123 of the X-line X1 The video signal VSGis
‘applied to the X-line smw th the clock_signal 25 [err]2

in.s ronj s
whi | st the signiP %2 f‘é‘%‘&ﬁpﬁ X’ggfal'ﬁ%e FLEAS 85 IPaPPRISES s supplied . - 10-
to the X-l1ine X whil he_sji.gnal S3.is lie | LN th sg of
sel ecting the Y-1 ine™ € %‘r% I f/é _ gfvsle(}g%q'snﬁg% W\/g&% gé’(:%%%‘?%ﬁ?ﬁi deo
si gnal "VSB and Uﬂ?édj's?lgﬁilevé’é.dggcéi Pane Vo¥3ed! £150dPNSECEhd WnifiBy"edd NES X1,
X2, X3 respectively 5 I n dependence upon the signal S1, S2, "S3 applied

to the gates of ¢18& BLigl F6R aSe i0da tHank- kinass &1,,'1\612,, xXrespdttiVely IS
necessary to shift the clock signals [err]1l, [err]2" [*rr43 for each of the

Y-1ines insordedntdeper@éice afwm tnq-w_ﬂ.gﬁ&:e’sgj ds30 sj @pplid\VESthy/SRteySI2 t 0 t he -
réspective colour filters. 10 The circdit shown in Figure 14 is an

exanpl e of a ci rbeitrahsistoks{X23ngox ithe irdtness 3{, e j-ockhusi Hhdissngamssity t o
[err]3, its operation being illustrated by the waveforns of Figure 15. A

1/ 3 frequency ditei shift1ti® chogkestanals @yvéﬂ i0g afoxs paeth PEFhe ¥olisegrl oxdex

supply .signals QL, Q to a 1/3 frequency divider 142 in _synchronismwth a

Y clock 15  sitgnsuPpig therreauisite vidhr Aignals, Y3k VaBr VER \FoJERe FREPSSHITRI s
QLN A2 _ ' _

colour filters. _ -

10 _ The circuit shovn | in 'Figure 14 is an example of a circuit for
shifting the phases of_ the éloc]; sig_nals_¢l to ¢3. its_operat;to:} being.'
illustrated by the waveforms of Figure 15. A 1/3 frequency.éivider 143
is reset by a vertical synchronising signal_ V to supply signals_ Ql'

Qz to a 1/3 frequencyl' divider 142 in synch:on; with a ¥ clof:k

15 signal YCL. The 1/3 :Erequencg divider_ 142 divides the si_gnals.gi, Q2_ !
by 1/3 in synchronism with a X clock signal XCL and loads or presets
the values of the signals Ql_’_ 92 every time a horizontal synchronizing

&...4 _ signal H is inputted. -.'rherefore ﬁhe ph_ases_ éf signals Q3, Q4 from
the 1/3 divider are shifted every pulse_ of the .clock s_ig_na_l ¥YCL and

20 the respective v:L._deo signals can be proper;y applied 1;0 the o

. ' ~respective picture elements __:Ln the @riving_ qircuit. shown in Fiéure 12-..
- Pigure 16 is another embodi_ment' of a driving circuit of a

.liquid crystal display devi_.ce_ ac_cor§i_ng to the prese_nt invention.

A red filter 161, a green filter 162, .a_bl_.ue_f_iltier 16_3 and a white

25  filter 164 are f_oimed in a block and a plurality of such blocks are



._%1/3 in synchronismw th a X clock signal XCL and | oads or presets the
ues of the signals QL, Q2 every tine a horizontal synchronizing signal H
_.is jinputted. Therefore the phases of signals B, &4 fromthe 1/3 divider
~.are shifted every pulse of the clock signal YCL and 20 t he respectiug

. video signals can be properly applied to the respective pi cture el emeits in
. the driving circuit shown in Figgure 12. Figure 16 is another enbodi nent of

cadriving circuit of a liquid crystal display deviceraccording to the
~present invention. Ared filter 161, a green filter 162, a blue filter 163
"~ and a whatrang&d in 4 inateix.]16dn tthe ¢amenefl low levelotdenamibsdoplafial ity of such
~blocks are - - 20 - arranged in a matrix. In the case of |ow |evel
~transni stight elirouglythet ¢olovyhfilitersolituks R problen tiot g¢ts ggodr obl em t o get

.. good reproduction of - a white colour. In order to solve this problem this

enbodi MeFRPTEARRLIAR ©Of; at Yhite e koNE - pdPt PRARTAC SRIVEVERE® PEPPISY 5 164 this
being controlled. by an il lum nance video signhal _VSX}/ '[rg;és e _whol e '
_bri ght net¥&:H HoPETEHeE R Wﬁgﬁ%ﬁ@ﬁf&&%ﬁﬁ& 8 YH-PI FI. Inthis
~driying ¢j jf.wth r Gl ot heb X b Taon_a shi. gi ster (not

sho%n) cgén{ r%§+ss bﬁli%? ﬁfgéglg%‘é'n S;‘I"I’_l e sane ‘}rgr'g'??l‘%esrig%'i;s]E lg%'ghre 11. In o
addi tion ] s Y Ol 1 | ¥ the Y-line
Yi+l is E%%e%{a%ﬁ ﬁ&%ﬁ%ﬁ%ﬁ?sﬁn\/\ﬁ ﬁ%’kﬁégc%% iwa%%fac ]éérdrriqgr?r?gg é/i deo s
- signal s ¥Ysi2197k1YSB @ tii £l @e1vingnal fu¥SEhiaRdreiPEEIns aid &I dfdedkiarSuUpp! i ed
to the corresponding filters in synchronismwth the clock signals [err]l"®
[err]2' ahshift efpatstsr Ghot\ah6in)i sattelbglicthlnieladentbelrckbeksamegnal [err]3..
15 : Figure 17 shows how to control voltage anplitude to produce ./
gray manner as Figure 1ll. In addition, with respect to the Y direction, i

10 ~ the Y-line Yi or the Y-line Yi+l is selected in synchronism with a
clock signal '¢3 and video signals VSR aﬁd VSB or video signals VSG
and VSW are alternately supplied to the -corresponding filters in
" synchronism with the clock signais ¢+ é5+ the frequency of which
is one-half that of the clock signal ¢;. '
15 * PFigure 17 shows how to 'cofxtrol" voltage amplitude to produce gray
scale display. A video signal VS ‘shown in 'Figﬁré 17(a) is sampled and
held in.synchronism with a clock signal ¢ and supplied to an X-line.
The characteristic curve of 'applied voltage V relative to contrast C U
is as shown in PFigure 17(b). A gray scale display can be produced
¢ 20 with the voltage in the range of AV. A more superior gray scale can
be achieved by implementing' y::correction or video signal correction | | 5
according to the characteristics of the liquid 'crystai 'materiai. |
The above-mentioned means of producing a gray scale display
by controllng voltage amplitude is mainly adopted to drive a liquid

25 crystai display device with active matrix.e'lements ‘composed of thin



scal e di-splay. A video signal VS'shown in Figure 17(a) is sanpled and held
in. synchronismwth a clock signal [err]5 and supplied to an X-line. The
characteristic curve of applied voltage Vrelative to contrast Cis as ¢
shown -En Figure 17(b). A gray scal e display can be produced 20 with the
vol tag&fn the range of AV. A nore superior gray scal e can be achi eved by

i npl enenting y correction or video signal correction according to the
characteristics of the |iguetd-crystal nmaterial. The-above-nentioned neans
of producing a gray scale display by controllng-voltage anplitude is mainly
adopted. to drive a liquid 25. crystal display device with active matrix
el enents conposed of thin - 21 - filmtransistors or non-linear elenents
whi | e the product i Shlmtransistarssen nentlingpy \elgpentsnvhide| thegPeedusbien at i ng
pul se width is mainly adopted for a I|qU|d crystal display device of high
duty nmul'tipl ex conSfrugFabicate SLsRIaE k¥ ?'/'rl*’fgneﬁr"“’g“l ting pulgtopent s,

Groetar o spl oy acvide” %&3‘?{%3&%?‘9 tpgfe i ”%%Ch#a%ﬁxc%fvﬁé‘eh'r?ﬂ'eﬁ
aimshic 10 . OF gk MRy WAk ERer O %g%%v/éd blepedd Sbr LAROTC, "

synchronlsgnvmth t DferfehPSK S|gnals [err]l to [err]3 in the sarre manner as
degscribed with reference to Figure 12, and are outputted to a 4-bit A/D

converter 187. CQutput sFmﬁol@&liMheéyaaﬁmﬁerg&bdﬁ&haspatmt ted to a
-shift register 180 during 15 the period of selecting the Y-lines Y
ancL‘S_/ upplied to a circuit of a liquid crystal display device according to the
presenct invention which is driven by a pulse width modulation -
system. The colour filters 146 are arranged in a mosaic.
10 Colour video signals VSR, VSG, VSB are multiplexed in -
synchronisﬁ with the clock signals '(pl to ¢3 in the same
manner as described with reference to Figure 12, and are outputted
to a 4-bit A/D converter 187. Outputs D, to D, from the
converter 187 are transmitted to a shifl: _register' 180 during
15 "~ the period of selecting the Y~-lines Y and stzpplied to a - -
latch 181 in synchronism with a pulse LP. '.A 4~channel
Lﬂ’ | ' multiplexet 182 forms pi_zlses. having different pulse width,
where a 4-bit data signal selects one of time bases TBO to -
| TB3. These pulses are supplied to X-lines X, to X via -
e 20 a driver 183. | | -
| | The Y-lines are selected successively by a shift re'gister
- 184, and a driver 185 supplies the selecting signal to the Y-lines.

Figure 19 illustrates ‘the operation of the driving circuit



latch 181 in synchronismw th a pul'se LP. A 4-channel nulti pl exer 182 forns
p | ses having different pulse width, where a 4-bit data si gﬁal sel ects one
.time bases TBO to TB3. These pulses are supplied to X-lines X to X via

1 n20 - a driver 183. e Y-lines are selected successively by. a

"shift- reg| ster 184, and a .driver 185 supplies the selecting.signal toxthe
Y-lines. Figure 19 illustrates the operation of the driving circuit 44
22 of Figure 18. Afrane hasap05|t|vef|eldAandanegatlvefleldB and

the wi dt hI nst%"ggl NOp Ya8E ggsmhspogg{:ﬁg efe1d hNidy Qne selection period T

SEL. For i'n the case where t gray scale is 0, the driving

wavef or m pegative £ie1aSHP UM width of'd"d&hﬁ. sehef gst he gray scale is

7, the dr|V| ng waveformis shown 'as Xi' (7), in the case where the gray

scal e i s LelédtedckithinConk seicution pehadvr SEL. Xl-’éﬁ.&}nstaﬁvése driving

waveforns are forned by conbining tine bases TBOto TB3 as indicated by the

4-bit 10 in the date wbexmathe drayt bealeals 0¢ the drigingyedwfomtilising thin

- filmtransistors, a Y-line is forned on the same substrate as the X-1ine
and a traﬂspﬁwnta%ﬁﬁwmiel@@t caske wherenthe greprsealanid e, indiumtin-oxide

or ot her transparent 15 conductive filmis degom ted all over the
surf ace of! 'tiﬂ'? driving’ waveform is shown as Xi(7), and in

~ case where the gray scale is 15 the driving wav_éfom is
shown as Xi(15). These driving waveforms are formedby _ .
combining time bases TBO to TB3 as indicated by the 4-bit R | _ >’
10 _ data signal. . | |
. _In-_the matrix dr.ﬁri_._ng_ system utilising thin_ f_ilm
_tra_nsisto_rs, a Y—liné' is formed on the same sul;st:ate
. as the X-line and a transparent driving electr_:gde- film
of, for example, indim-tin—oxide or other trénspafe_nt
15 ~ conductive film is deposited all over the s&face éf.; the .
.opppsite substrate. . _ _
. Thus in the liquid crystal display _devi_c-e shown in Figure
9,. the_ t;ap_spargnt .d'rivi'ng electrode fi]p completely covers
_all_ the_ c_olour_ filters_. Accordingly, _this cénstr_uctj,on
.20- ~removes the problem that the colour filters and the liquid s
crystal material react with each other to reciuce _reliabilj.ty
gj.n_ce, the ‘transparent driving electrode film. shi_élds
qomp;etely th_e qolour_ fi_lters fr_c:m the l;quid crystal .
_ mater_iaJ_.. Thus the tfl'.fan_sé_arent driving electrode fi;m . ' :
25 _ | acts. :as_ a éassive _filn; in _th.{s context and this is particularly

advantageous.

o —————— Ae—— e m—~ . . o ———— - A mm—mia.  m e Are  mimeie bmomn cw % e oamas w s N iemem e e e - - ce tmee - -



opposite substrate. Thus in the liquid crystal display device shown in
Figure 9, ‘the transparent driving -electrode filmconpletely covers all the
~colour filters. Accordingly, thi's construction 20 ~ renoves the propgenr
-that the colour filters and the liquid crystal material react with each

ot her \ﬂ reduce reliability since the transparent driving electrode film
shields conpletely the colour filters fro@8the liquid crystal material.
Thus the transparent driving:-electrode film 25 .. . acts as a passive film
~in this context and this is particularly advant ageous. -23- In a
practical |iquid crystalIndprsgsaspiendy iiquidserustphedi splayr evisea gamebines vheze
resol vi ng power. Arrangugglthe colour_filters in a nosaic inproves the

resol ving power as % PIPISRLEN WED Fegolying povere JREHRIINE e RokavEnfilters in

construction of high_resolying 5 ower, of liquid crystal display devices

according to the pr %ﬁ?ﬁ-%ﬁ%ﬁn@%ﬁﬂlﬁﬁﬁ %ﬁﬁvi‘gxid‘?eoﬁfpﬁ)if’t%‘rs |

shifted:by 1/2 pitch in i i i e h). shows | our

filters shi ftedpby 1/ 2 p‘f‘?@ﬁzizﬁ %‘i%g%% ?Q@ﬁgﬁ?ﬁlrﬁé%tgislgfiﬁ@f %%ae gl gt

above- mentioned argRasedenl ual cﬂs%wasshmfeessadc@egﬁgseé R b |
| € and resol ving

oblique direction. =~ Therefore obli'que |Iines are not. visi
power can be consi defrahtienl NEFigase o () Ghowt Gdlodd 'Eiﬂe&s%m@tecﬁhzr ﬁ/é?ﬁ%ﬁbh

arranged at the apex of a triangle consisting of colour filters

Thus proper resol viiagthoudicanie anbt Biguee 20(Bh shboes eolewe Fi piavisUsieifted by
el enents are used.

N

1/2 pitch in the Y direction. The resolving power of the above-
mentioned é:ra_ngements of picture elements is increased in the
10 oblique direction. Therefore oblique lines are not visible and
resolving power can be considerably increased. The colour filters
R, G, ‘B are each arranged at the apex of a triangle consisting of
colour filters R, G, B. Thus proper resolvin_g power can be obtained
even where fewer picture elements are used. .
15 -Figure 21 illustrates diriving electrodes of a liquid crystal
-display device driven by a multiplex driv:i.ng system., X -eleétrodes
- are arranged and shifted by 1/2 pitch with- distributing wires in
\M ' similar manner to that shown in Figure 20(a). The X and Y electrodes
are normally transparent conductive electrodes, the distributing
20 ° wires being of very small width and made from a deposited metallic
thin film so as to lower electrical resistance.
Figure 22 shows part.of a liquid crystal display device
according to the present invention employing thi._n film tranSistérs
- to improve resolving power. The liquid crystal display device has

25 - -data lines 213 to 215 and gate lines 210 to 212.° The transistors



15 - . Figure 21 illustrates driving el ectrodes of a |liquid crystal
~ displ gy=device-driven by a nultiplex driving system X electrodes are
carran -__‘EI and shifted by 1/2 pitch with distributing wires in simlar manner
- to-that shown in Figure 20(a). The X and Y el ectrodes are normally —
“transparent conductive electrodes, the distributing 20 wres being okl
-very small wdth and nmade fropaa deposited netallic thin filmso as to .
" lower electrical resistance. Figure 22 shows part of *a |iquid crystal
- di splay device according to the present invention enploying thin film
‘transi st and the piqhuge ccelepent eleckrpdes @re Tivgmalljuadrangpdtim odédspl ay devi ce
has 25 -data lines 213 to 215 and gate |lines 210 to 212. The transistors
46 - 24 nupber ghtegilines asdhowe iy 8| ERFbHeY A% apdrardrivingr r anged in odd-
. nunber gates lines _as shown by a transistor 216 and_a driving el ectrode

217. -On tedeceae 2 andfn £b¢ hapdt SFPE LYERrRumhexed gate JHBP&e ors 219, 22
- and driving el ectr S 221 23 are_arranged Ln parallel_wth each
.ot her reltég'i’%}@%?’és%g?a% d'%fg_‘,'mﬁaﬁ%‘? e %%b’s?ﬁ#}t | P¥Fe8E ted by 1/2
- pitch. Figu ;tgg GAS '%ﬁ eLe ihe 8s]4 NESnAb3atd 215 and the
o dri \Cﬁ'ng‘ e e%‘?’raggeefs%}ﬁ@ggo, ] 5%,%5'8 a;tg %g?rr%%%%ﬂdrﬁon %hae}esarre | ayer.
. In"the caggsuheif1ihendaba ty BPS Abtht heiglideVbd Kaf! hiOGRScQuer I ap, it is
al so possible 10 to shift "a driving el ectrode 224 itself by 1/2 pitch
‘With a sivighe the aditasifies?2fs 86 2A/s0uMa ithe Fixguing 226&roaks @17¢ 228,shows
~anot her enbodi nent of a liquid crystal display device according to the
present i22%griRidoare: fpimed fmy drhom thel same layer. In the case where the
data lines and the driving electrodes overlap, it is also possible
10 to shift a driving electrode 224 itself by 1/2 pitch with a single
" transistor 225 as shown in Figure 22(b).
Figure 23 shows another embodiment of a liquid crystal display
- device according to the present invention employing thin film
transistors. Data lines 230 to 232 are shifted by 1/2 pitch by
15 making them zig-zag. It is advantageous that unnaturalness caused
: by shifting electrodes by 1/2 pitch can be removed, since the size

of picture elements is quite the same in both shifted portion and

unshifted portion. - o : - : : V

Figure 24 shows a similar arﬁa_ngement where the driving
20  electrodes axe .shi'fted by 1/2 pitch in the ¥ direction by making -
the gate lines-zig-zag. .
Figure'.25 shows a yet further embodiment of a liquid crystal

- display device according to the present inwvention using thin film

- transistors. Drivers 270 to 273 are directly connected to data

| 25 lines 277, 279, 281, 283. Data lines 278; 280, 282 are alternately

¥

-



transistors. Data lines 230 to 232 are shifted by 1/2 pitch by 15 maki ng.
themzig-zag.' |t is advantageous that unnatural ness caused by shifting

el ectrodes by 1/2 pitch can be renoved, since the size of picture elenents
‘is quife the same in both shifted portion and unshifted portion. Figure 24 ¢
_ shows “='si i | ar arrangenent where the driving 20 el ectrodes are shifted 7
by 1/2 pitch in the Y direction by nmakBhg the gate |ines zig-zag. Figure 25 '
shows a yet further enbodi nent. of a liquid crystal display device according
to the present invention using thin filmtransistors. Drivers 270 to 273
are directly corﬁ?@&‘f%dt-’ﬁf"&é@g‘ o5 left) drjvery myery mpanging oDame gatet dife.nes
278, 280, 282.a3§malter at e -25- connected to right or left drivers
every scanni ng oTfFTBAT & WPPRE Rt Thim FPRSLSFAEFeatimed P b 2 (9RRSI st or

s turned ON by L] a Ltohes 274 to 276 are setf to the left
position, the sa%egg?agﬁaggggégﬁefg%f%bﬁtgh‘ﬁ e g é’eeﬂﬁﬁ'f PosEEiony oS, g
picture 5 el 291, Sed 3ot pitBRRES] P , en _the '
thin filmt ransi%’%ﬁﬁai%sa' tg%r ne Ce]@Ft‘g%%ﬁgigate %liér%%%fegh 'S %u rji‘e:tama\l by
a_gate |'i nes 285, elaiiéhtish2o 5MVRb T haSp£idd , t fospdbrielySCimdid, Whén thdiniROSI L ON,
the sane data is respectively supplied to three pairs of picture elenents
294, 295, 296, 29Ensiatdr208tuntd OF by tHeega®y Nofe 284 anghO¥Rurhed OHUBE a
20(a) can be realised. Figure 26 shows a nodification of the construction

of Figure 20(c) gaterking 2RH,aand tbe switdhds P24 t31276 2#L seBlto ahe wighgger ed.

The liquid crystal display devices according to the present
S position, the same data is respectively supplied to three paixs of

~ picture elements 294, 295, 296, 297, and 298, 299. Thus the method
lo shown in Figure 20(a) can he. realised. _
Figure 26 shows a modification of the construction of Figure
20(_c)_ whérein data 1in¢s or X-lines 311, 312, 313 are staggered.
The liquid cryst_al' display devices according to the present
/invention and described above produce a coloured display and use a |
15  large volume driving system such as a high Quty 'ratio__sy_stem,. a .
multiplex diiv:l.ng_systex_n or a driving sfsﬁem where thin £ilm devices,
such as non-linear elements or thin film transistors are used.
\M‘ _ Light transmission' type liquid_ crystal display devices .c-an be |
. constructed where some :anreésed power consumption is allowable and
20  light reflection type liquid crystal display devices can be.
constructed where the plane of reflection is deposited on the lower
‘side can be utilised for low power consumption. In one embodiment
__of't.he present invention a full colour display composed of more than
100 x 100 lines was achieved with excellent im%.ge quality without

25 :; . distortion, compact size display and low power consumption for



_|nvent|on and descrlbed above produce a coloured di splay and use a 15

|l arge vol ume driving systemsuch as.a high duty ratio system a nhul tiplex

- driving systemor- a driving systemwhere thin filmdevices, such as
_ruwllégear el enents or thin filmtransistors are used. nght transm sstgn

- type liquid crystal. display devices can be constructed where sone |ncheﬁsed
- power consunption is allowable ggd 200 * light reflection type liquid
crystal display devices can be constructed where the plane of ‘reflection is

. deposi ted on the | ower side can be utilised for | ow power consunption. In

- one ‘enbody +dpi A E pBturenERpLugs of dudlity aloaparabileptay conposed of

nor e than 100 X 1 0 lines was achieved with excellent inmage quality w thout

25 di strakt b Ratheaepesy tabes di spl ay and | ow power consunption for

-26- producing graphical picture displays of quality conparable to that of

cathode ray t Ultesenfidddnentisodf ribat Bresent Havertormng AeeeriPedh 3RAYE descri bed

- above enploy three different systens for enlar the duty ratio. 5
Firstly,. ml{’hethﬁaﬁﬁtqiﬁlfwﬂérﬁﬁtﬁgs%t % %"B&t?"’?&tl o from1/60 to .

1/ 200 can be realised by inprovin he | i UId C ?g %% and usi ng
soph?stlc%P%ﬂltoﬁ§fﬁﬁhFPHH? hiis ? *EPSpl ay

i Spl 2y QHARCER ﬁﬁ&%@ga%nfr%#feﬁ %W% %ﬁ%é"'?ﬁ %‘Fh&#fmg%’ijd#’[éfﬁfh

L nstead Ofsdaifaf %hgr@gﬁ&&wd Bonditubeloh t8&iniLYGedTBbE ihee! EMENt S,
such as .transis or SW t

non- linear elements (MN el enents or dlodes)
-are used lihu&ﬁecz@"shé(i R s 51dyC Hddice . O caiiIgyi €l baP Tbetwédnthel Cryst al :

~display device according
electrodes ‘of the liquid crystal display device must be controlled
10 tobe from 5 im to 7 ym instead of the conventional 10 ym.

. Thirdly, active matrix elements, such as transi.stbr switches, non-
linear elements (MIM elements or diodes) are used in the driving
circuit. One embodiment of a liquid crystal display device according
to the present invention uses negative type liquid crystal micro-

15 shutters which open and close colour :E:L'lte:.r: dots which are arranged
:l,ri a mosaic 6:' in stripe in order to product a colour display.

It has been found that fine and clear colour displays can be

realised in such embodiments. ' o’



to the present invention uses negative type liquid crystal mcro- 15
shutters which open and close colour filter dots which are arranged in a
nosaic or in strips in order to product a colour dis foun
that fiTne-and clear col our displays -can be realised qmwclmlmmmm}
-27.- %L Al MS 1. A‘quuid crystal display devi*te thavi ng a|3awaJ|ty
of picture elenents arranged in matrix of colums and rows, conprising
first and second transparent - sugstrates each substrate haV|ng an internal
surface, the internal surfaces 5 faci ng each other and being
spaced apart to define a space therebetween, a plurality of parallel and
spaced apart data lines and a plurality of parallel and spaced apart

ort hogonal signal lines, ins m each other, a drive circuit for
each picture el enent including, at each data and signal |ine 10

I ntersection, a first dr n d S te di ate
corrponent nmeans f&l’ coup gg%(ﬁegﬂ‘&ttﬁ ?isﬁagi' tv%% %%#% goéllg& I rst
driving el ectrodeg %&:ﬂ@é %1&%&%% artaff@ 1hi HGaerdd Bﬁtco%ﬁfst Qﬂai%wénd

~internmedi ate conpon means belng orned on the internal surface of the
frrst substrate, @opbiishd lPirdtd and second rafiacstit Subdtehted Oba@d on the
internal surface of the second substrate and arranged in strips or npsaics
correspondi ng t o igiBstratsaethd AASintArAsX SREfaRa)TENe BiteehaDdarfaesed on the
surface of the colour filters between the colour filters and the first

el ectrodes, and a fating dach pshex an&tbeingtlspaeethianat to dmfidne a space

\wél therebetween, a plurality of parallel and spaced apart data
| lines and a plurality of parallel and spaced apart orthogonal
signal lines, insulated from each other, a drive’ circuit for
each.picture element including, at each data-and signal line
10 intersection, a first driving electrode and an associated o
| intermediate component means for coupling the data line to the
. corresponding first driving electrode, the data lines, signal
1ines, first electrodes and intermediate component means being
formed on the internal surface of the fFirst substrate, a plurality
1s ‘ of colour filters formed on the internal surface of the seoond
substrate and arranged in strips or.mosaics corresponding to:the
" o . intersections, a second common electrode formed on the surface
N of the colour filters between the colour filters and the first
electrodes, and a liquid crystal material retained in and
20 filling the space between the electrodes.
2. A device according to claim 1, in which each

drive circuit includes a thin film transistor or a non-linear

resistive element.



20 filling the space between the el ectrodes. 2. . A device
accor df (jo to claim1, in which each drive circuit includes a thin film
transi stor lmmmml“mmu”ml stive elenent. - 28 - 3. A devi ce
accordi ng to each colum or row of picture elements-is
shifted or displated redlat’ivé to each. adj acent col um or row. 4. (i
devi ce according to.any preceding claim in which 5 the area of the
first .driving el ectrode 28 -each picture elenent is less than the area of
.the corresponding colour filter. 5. - A device according to any preceding
.claim including neans for selecting three primry colour video signals 10
-sequentially in synchronism by respective clock signals having the sane
frequency &hi ch & devire- adsordincheo feladmelncyn gthigh sachwolmp si gnal for

sel ecting rows or colums of picture elenents, and _neans for applying the

vi deo si gre%l TP¥ %?%%%I%E‘P?’ﬁj e Shifted Ph&ippIagedrelabith&el ect rodes of

the 15 ture -el - A'liquid crystal display device
substantlaﬁﬁ"? aéid' et f‘ﬂ'@sﬁ’f *B%4 with reference to and as .shown in the

' accorrpanyli‘lg dr a%n&%ice according to any preceding claim, in which

5 . the area of the first driving electrode of each picture _
element is less than the area of the corresponding colour -
filter. | .
5. A device according. to any Iprecetliing claim, inclv:ding
means for selecting three primary colour video signals

10 sequentially in synchroni by respective clock signals.
having the same frequency which is one-third the frequency
of a selecting signal for selecting rows or columns of picture
elements, and means  for applying the video signal lfrom the
selecting means to the first or second_electrodes of the

15 o picture element. |

6. A liquid crystal display device substantially as

»

herein described with reference to and as shown in the v

accompanying drawings.’




