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2. LlQUIV CRYSTAL VISPLAYS - A REVIEW

06 the va1.iou6 Mat panel d.i6play6 available at p1e6ent, v.iz., Uqu.id

c.'C.Y6tal, Ele.c.twc.h'lOm.ic., Ele.c.t'lOlumine.bc.e.nt, Vac.uum Fluo'C.e.bc.e.nt, Gab

V.ibc.ha1ge Nabma, e.tc.., Uquid C'l!f&tal V.i&p1a.y&(LCVb) 1e.qu.i1e the lowe6t

powe.'C. to ope.'C.ate.and ate. e.c.onomic.al. LCDb be.c.ame. c.omme.'C.dafiy ava.ilable.

.in 1910 and 6.inc.e then, theh tec.hnology hab p1Og'C.e.66ed1ap.idly and they

have. 'C.e.plac.e.dCR n in be.ve'lal appli.c.ationb. At leabt twenty modelb 06

p01table, lap-top c.ompute'l6 u6.ing LCV6 a1e available now. Th.ib c.lea'lly

inaic.ate.b the.i'l ube.6ulne.66. Conbide.'lable. bc.ie.ntiMc. and te.c.hnic.al e.660'C.tb

a1e c.u'l'lenUy devoted toWa'ld6 6u'lthe'l development 06 LCV tec.hnology.

Ab thib the.b.tb .tb de.vote.d to mat'l.tx add'C.e.Hing 06 LCDb, .tmpo'C.tant abpec.tb

06 l.i.qu.id c.'lybtal mate.'l.iaI6, ele.c.t'lO-opUc. e.66ec.t6 and the. add'C.e.66.ingtec.hn.i

que..!>a'le. 'le.vie.we.d in th.tb c.hapte.'l.

2.1

2.1. LlQUIV CRYSTAL MATERIALS

2.1.1. Liquid C'lq&tal&

The Uquid c.'lYbtafi.i.ne. phabe. wab dibC.OVe.'C.e.dby an Aubt'lian botanibt,.

F'l.ied'l.ic.h Re..in.itze'l .in 1888. He 60und that cholelltetql benzoate, unlike.

many 06 the. o'C.ganic.c.ompoundb known at that time e.xhibited two dibtinc.t

melUng po.int6 [1]. Late'l, .it wa6 60und that many o'C.gan.ic.mateual6 meit

6wm the. bOUd btate. to 60'lm a tU'lbid .liquid, whic.h on 6u'C.the'l he.ating unde.'C.

go a 6ec.ond t'lan6.ition le.ad.ing to a c.le.a'C..ibOt'lOP.icUquid. The. inte.'C.mediate

6tate. be.twee.n the. bOUd and the. ibOt'lOpic. liquid hab bOme PWpe.'C.tie.6 06

both c.'lY6tall.ine. and liquid pha6e.6 a6 given .in Table. 2.1. Thi6 wa6 the.'le.60'le.

te'C.me.d ab the. liquid c.'lybtaWne. phabe.. Thi6 pha6e i6 oMen called a mebO-



Tab£e 2.1. C'lybtal, Uqui.d C'll}btal and Bot'lOp.ic. Uqu.id - A COmpa'l.iMn

Cha'lac.te'l.ibt.ic.b
STATE

CRYSTAL

LlQUlD CRYSTALlSOTROP1C LlQUlD

Mo£e.c.u£a'lbhape an.iM t '1.0 Pl}

Not eMent.ia£EMenUa£N at eMent.ial

O'l.ientat.io nal

P'lebent whenP'lebentNot p'lebent

o'lde'l

molec.uleb have

bhape an.ibot'lOpl}

P ob.it.ional O'lde.'l.

P'lebent .inMal} be p'lebentNot p'lebC?.nt
th'lee

.in one O'l two
d<menb<onb

d.imenb<onb

Flow p'lOpe'lt.ieb

R.igid andFlowb and takebFlowb eab.ill} and
doeb not Mow

the 6hape 06takeb the bhape
the c.onta.ine'l

06 the c.onta<ne'l

PhIj6.ic.a£

Some 06 themGe.ne'laflylbot'lOp.iC.

p'lOpe'lUe6

a'le. an.iMt'lOp<C.anhot'lOpic.
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rno'lphic. pha0l? O'l me bOpha~e. The mate'liafb whic.h exhibit: thib phabe a'le c.aUed

ti.qu.id c.'lljbtal~, m~bomO'lphic. bubbtanc.eb O'l mebOm01phb.

Liquid c.1ljbtafb a1e bwadllj daMi6{ed into two tljpeb ab given below:

- The'lmotwpic. liquid C.'lYbtalb, whic.h a'le obtained eithe'l blj heating

O'l c.ooling c.e'ltain 01ganic. mate'lialb;

- Lyotwpic. liquid C.tYbtalb, whic.h a'le obtained by diowlving c.e'ltain

oolidb in app'lOp'liate bOlventb.

06 theoe, the the'lmot'lOpic. liqu.id c.'lljotalo a'le ubed in dioplalj appfic.ationb.

Liquid c.'lyotal molec.ufeb have bhape anlMt'lOpy. Thelj a'le mOotflj made

up 06 'COd-like molec.uleo. Liquid c.'lljbtalo with dioc.-Uke molec.uleb we'le

d.i.oc.ove'led 'l<!.c.entey [2], but, thei'l applic.ationb in diopfalj devic.eb a'le not

known M 6a'l. In the liquid c.'lljotalline phaoe, the molec.uleb exhibit an O'lien

tational o'lde'l. The ave'lage p'le6eHed di'lec.tion 06 the molec.uleb in a bmaN

volume 06 liquid c.'lljbtal ib debc.'libed blj an unit vec.to'l 106 a'lbit'la'llj bignJ

c.aUed the di'lec.to'l ab ohown in fig. 2.1.

2.1.2. ClaMiMc.ation

The'lmotwpic. liquid c.'lljbtalb a'le daMi6{ed into 60u'l main c.ategO'lieb

depending on the malec.ula'l aHangement ao given below; and ab ohown

in fig. 2.2.

- Nematic. liquid C.tYbtalb. Thelj a'le the oimpleot a.nd widely uoed .in

p'lac.tic.al applic.ationb. The 'COd-like moleeuleb a'le apP'lOx.imatellj pa'lalfef

to one anothe'l and henc.e exhibit o 'lien tational o'lde 'l. But, thelj do

not have pobit.ionaf o'lde'l.



al Rod-like molec.uleb

bl Vibc.-Uke molec.uleb

Fig. Z.1. VL'lec.to'( ditec.tion in nematic. Uquid c.tY btalb.

Z.4



a) Nematic. c.) Smec.tic. - A

2.5

b) Cholebie.l£ic.

d) Smec.tic. - C e) Columnal£

Fig. 2.2. ClaMi6ic.ation 06 thel£mot1£Opic. liquid c.l£ljbtalb.
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- Chole./lte.'lie liquid e'lYbtal!l. Thelj exhibit o'[ientationa1 oHte'l. Howeve'l,

the. diuetot totate6 eontinuou6itj about a heUeal axi6 with a ehametet.i

!>tie piteh. Thi6 'lOtation i!l due to the p'le6enee 06 one, O'l mO'le ehi'lal

eente'l6 w.ithin the moleeule·~. The nemaUe6 ean be eon6.ide.'le.d a6 a

bpedal eabe 06 cholebte'[ic Uquid c'[1j6tal6 with an in6inite. pitch.

- Sme.etie liquid etY/ltal6. The.y a'le. d06e'l to .w1.id6 a6 the.y e.xh.ibU

one. dimenbional pObitional o'lde.'l a6 well a6 o'lie.ntational o'lde.'l. Sme.etieb

a'le. 6u'lthe.'l daMi6i.e.d into bubgtoupb, viz.,ibme.etie-A to bme.et.ie - H,

de.pending on the. o'[de.'ling within and be.twe.en the laye.H.

- The. eotumna'l liquid e'ly6talb. The.y e.xhibit a two-dime.nbional po6i.tional

O'lde.'l le.ading to a d06e.ly pxeked 6le.xible. eolumna'l btwetU'le.. The.

di6e - like. mole.eule.b a'le. pile.d on eaeh othe.'l to 60'[m the c.olumnb.

2.1.3. Phyueal P'lOpe..rc:tie.6

Liquid e'lYbtal6 exhibit anibOt'lOpy in many 06 thei'[ phYbic.al p'lOpe.'[tie.b.

The. two p'lineipal c.ompone.ntb 06 the. mae'lObeopic. p'lOpe.'[t{e.b06 thebe. mate.

'li.a.l6a'le a6 give.n be.low:-

- Along the. di'lec.t.ion 06 the. di'lec.tO'l; and

- Pe.tpe.ndieulat to the. dite.etion 06 the. di'le.eto'l.

The. bulk p'lOpe.'ltie6 06 the. liquid c.'ly6talb de.pe.nd on the. mole.c.ula'l 6twetwle.

and the. o'lde.'ling 06 the. moleeule.b. The. phYbieal pwpe.'ltie.b that a'[e. 'le.levant

to dibplay applieation6 a'le. give.n in Appendix 1.

2.1.4. Liquid C'lY6tal Mate.'lia1!160t Vi.6pla.y!l

The. liquid e'lyMa! mate.'lialb bhould have. a p'lOpe.t eombination 06 phYbi-
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c.al p'Lope'Ltie6 601. a Mti60ac.to'Cy ope'Cation 00 the dioplay. Henc.e, only a

omall pe'Cc.entage On the. thouoand6 On £.iquid c.'Cy6tal mate1ia.t6 i6 6uitable.

nO'Cdi6play devic.e.6. Mo'Ce.ove.'C,none. 06 the. !.ingl<?. !.i.quid c.'lyotal mate.'lia£b

known bO 6a'C, hab aU the. phybic.al p'lOpe'ltieb 'le.qu-i'le.d 60'l a dibplay. He.nc.e,

.it ib a c.ommon p'Cac.tic.e. to ube. mixtu'Ce.b 06 a numbe'l 06 liquid c.'Cybtal

mate'lialb I.i.e., 6ingle c.omponentbJ. A typic.al f.i.quid c.'l!Jbtal mixtu'Ce may

nee.d 60u'C to be.ven c.ompone.ntb to ac.hie.ve. the. de.bi'led c.ha'lac.te.'l.iot.ic.b.

A typic.al Nemat.i.c. Uquid C'CY6tal IN LC J mate.'lial c.on6ibtb 06 two 'lingb

Iphe.nyl O'l c.yc.lohexyIJ c.onne.c.te.d by a b'Cidging g'lOUp and two e.nd g'lOUpb.

Typic.al end g'lOUpb a'Le -CN, -N02 01. bho'Lt alkyl c.hainb. N LC mate'lial6

a'le daMiQ.i.e.d ac.c.o'lding to the. natu'le. On the b'lidging g'lOUp. Table. 2.2

f.i.6t6 the btwc.tU'le 06 60me impO'ltant £i.quid c.1ybtal6 [3,4]. N LC mate'lialb

f.i.ke Sc.hi66 babe.b a'le unbtable. whe.n e.xpobe.d to moibtU'le, tempe'latu'le.,

ult'laviolet light, e.tc.., 601 a long time. Mate 'Lial6 like c.yanobiphenylb have

be.tte.'l c.he.mic.al and photoc.he.mic.al MabW.tieb and au well bu.ite.d 60'l ube

in dibplayb. The N LC m.i.x.tU'Le.6bhould have. a btable c.ompobit.i.on ove.'l a

wide te.mpe.'latu'Le. 'lange. Thib c.aflb 60'l a eutec.tic. mixtu'le O'l a c.ompobit.ion

ve'lY d06e to it.

2.2 ELECTRO-OPTIC EFFECTS IN LIQUIV CRYSTALS

Liquid c.'lYbtal mate.'lialb e.xhibit anibOt'lOpy in many 06 thei'l phyo.i.c.al

pwpe'Ltieb. A10'leove'L they a'Le. benbdive to 'Lelatively weak exte'lnal bt.imul.i.

He.nc.e, e.le.c.t'lic. Me.id, magne.tic. 6iefd O'l the.'lmal e.ne'lgy c.an be utW.ze.d

to induc.e opt.i.c.al e66ec.tb in liquid c.'LYbtal6. Thebe e66ec.tb a-'le mainly due

to the. 'leo'lie.ntation On the. mole.c.ule.b 'le.bUlting in abbo'lption, 'leOfe.c.t.c.on

O'l 6c.atte'ling On light. P'Lac.ti.c.al dibplaYb need uni60'lmly O'liented and btaMe.

laye'lb 06 molec.ule.b with app'lOp'Ciate. e.le.c.t'l.i.c.al, optic. aI, e.labtic. and the'lmal



Table. 2.2. Common Ce.nttal and End G'lOUp~ in Liquid C;1.ljbtal~

Ce.nt1.al G'lOUP End Gwup ,

Stmctu1.e.

Name. Stmctute.Name.
.-CH=N-

Azome.thane.-C HAfkljfn 2n+ 1
ISchi66 ba~e.1

-N=N-

Azo -O-C HAlkoxljn 2n+ 1

-N=N

Azoxlj - COOHCa1.boxljlic
•••

acid
0

-O-C~

E6te.'1. - O-CO- RACljfoxlj
II 0

- CH = CH-

Stilbe.ne. -CNCljano

-@--
Awmatic

-NONitw
2Hng

di'1.e.c.tcoupling

-CHO. Alde.hyde.

2.8
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p'lOpe.'ltie.~. LC V~ 'le.qui'le. a ve.'ltj low powe.'l to ope.'late., ~inc.e. the.y do not

e.mit l.ight and o mall e.xte.'lnal otimuU c.an induc.e. a la'1.ge. c.hange. in the.

o'1.ie.ntation 06 the. Uqu.i.d c.'ltj~tal mole.c.ule.b. Salie.nt 6e.atU'le.b 06 the. e.le.c.t'lO

optic. e.66e.c.tbin Uquid c.'1.Ybtalba'le. give.n below :-

Low voltage ope'lat.i.on ;

Low powe'l c.onbumpt.ion;

Le.gibW.ttj in high ambie.nt light;

Flexible 60'lmat;

Flat pane.l c.on~t'lUc.tion; and

Choic.e. 06 bize.

2.2.1. ViAplarj Ce.ll

A dioplay c.ell c.onb.i.otb06 a thin laye'1. 06 liquid c.lyotal mate lial band'

w.ic.he.d be.twe.e.n two glaM plate.~.Mo~t 06 the. e.le.c.t'lO-optic. e.66e.c.tbin liquid

C.lyotalo '1.equhe a uni60'lmly aUgn ed liquid c.'1.Ybtal c.e.U. Thio ib ac.h.teved

by aligning the. mole.c.ule.~ at the. inne.'l bU'l6ac.e.b 06 the. c.e.ll and c.an be.

one. 06 the.. 6ollow.i.ng type.o:-

- Planat Ot HomogeneouA aHgnment. He.'1.e, the di'lec.to'1. .tb o'1.iente.d pa'la-

lie.l to the. bU'1.6ac.eb06 the. glaM plate.o. Thio ib obtaine.d by c.oating

the. bU'l6ac.e. with a thin laye.'l 06 polyimide. and bu66ing the. ou'l6ac.e

unidi'le.c.tionally with a c.loth 0'1.tiMue pape.'1..

- pe.tpe.ndic.u1at Ot Homeohopic. alignme.nt. He.'1.e.,the di'1.e.c.tOl.to o'1.ie.nte.d

pe.'1.pe.ndic.ula'l to the. bU'l6ac.e. 06 the. glaM plate. and ib obtaine.d by

c.he.mic.al t'le.atment 06 the. glaM oU'1.6ac.e.

- Tilted alignme.nt. He.'le., the. d.i.'le.c.to'l ib at an angle. to the. oU'1.6ac.e.

06 the. glabb plate.. A tilte.d align me.nt c.an be. obtaine.d by c.oating the.
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bu'toac.e. with SiO Ot MgF 2 at a bUitable. oblique. angle. .en a vac.uum

c.oating unit.

Fig. 2.3 iUubttate.b the.be. alignme.ntb at the. bUt6ac.e 06 the cell.

The ooUowing majo't btepb ate involved in the 6ab'lic.ation 00 a liquid

ctybtal dibplay:-

i) . Indium T.in Oxide. (nO) coated glaM plate.b whic.h a'le elec.t'lic.aUy

c.onduc.ting and t'lanbpate.nt a'le ubed to make the dibplay c.eU.

The elec.twde patte'Ll1b ate ptinted on the ITO laye'£ ubing photofitho

g'£aphy.

{i) The elect'lOdeb ate obtained by etc.hing the unwanted po'ttionb

in the ITO layet.

iid The inne't bU'l6ac.eb 06 the gtaM ptateb a'le heated 60'£ alignment

ab mentioned eatlie'l.

iv) The c.ell ib aMembled uMng the two glabb plateb, with the i'r.eate.d

bU'£6ac.eb 6ac.ing each othet. The gap between the two plateb ib

typic.ally 5-15 ~ m and ib ubually c.onttOlled by bpac.e'COdibt'£ibute.d

uni60'lmty aU ove'£ the a'lea. The bpace'£b a'le eithe'£ glaM Mb'£eb

0'£ glaM beadb with a uni60tm diamete t. The two plateb a'£e. held

togethe'l by a beatant.

v) The. liquid c.'lybtal mate'liat ib 6iUed into the c.eU and the 6iU hole.b

a'£e.dObe.d by abeatant.

Fig. 2.4 giveb the C'lObb-bec.tion 06 a dibptay c.ell.



o. Planar alignment.

b. Perpendicular alignment.

~~~~~~

I .. I

c. Tilted all gnment.

Fig. 2.3. Typeb 0nbutna.ce alignment

2.11

~TF
CONDUCTIVE.
COATING

~STIC~AL
LIQUID CRYSTAL

fig. 2.4. CtOM-bect{on 06 a dibplay cell.
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The l{qu{d c.'l!fbtal d{bpla!f carl be made ubirlg t'larlbpa'lerlt plabt{c. 6Umb

irlbtead 06 glaM plateb [5]. Pola'lizetb ate tequited in vibualibing man!f 06

the elec.t'lO-opt{C e66ec.tb {rl liquid c'l!fbtalb. The glaM plateb O'l the plabUc

nilmb c.an be eUminated b!f having the elec.twde pattenl on the pola'lize'lb [6].

2.2.2. lmpottant Elec.lto-Optic. E'6ec.h

a) Vljrlamic. Sc.atte'l{Ylq E66ec.t

The d!fnamic. bc.atteting e66ec.t ib the tebult On Mow induc.ed in liquid

c.'l!f btatb due to elec.t 'lO-h!fdwd!fnamk pWc.ebbeb. A liquM c.'l!f~tal mate'l{at

with a negative die.lec.ttic. anibOt'lOp!f and doped with ionic. impu'litieb ib

ubed he'le. Thib developb a pe'l{odic. bpatial modulation 06 the di'lec.to'l o'lienta

tion with a de6inite bpatial n'lequenc.!f above a th.tebhold voltage. The 6low

bec.omeb tuwulent at h{ghe'l vottageb leadil1g to V!fnamic. Scattetmg tfl.

The applic.ation 06 elec.ttic. 6ield leadb to a bc.atte'ling btate, while the.

bac.kg'lOund ib dea 1.. Thib tewltb in a c.ont tabt between the. belec.ted and

unbe.lec.te.d pixelb. V!fnamic. bc.atteting ib the 6tHt ele.c.t'lO-optic. e.66ec.t,

dibc.ove'led in Uquid c.'l!fbtalb. Thib mode 06 ope.tation ib no longe'l popula'l

due. to the 60Uowing te.abOYlb:-

- High voltage. and c.UHent tequiteme.nt b, and

- Inw66ic.ient c.onttabt undet c.etta{Y1 UghtiYlg c.onditionb.

b) Fie.ld E66e.c.tb

Applic.at{on 06 elec.ttic. Meld iYlduc.eb a c.hange in the motecula'l o'lienta

tioYl 06 a belec.ted pixel. The Twibted Nematic. Fie.ld E66e.c.t ITNFE), GUe.bt

HObt E66e.c.t IGHE), Ele.c.ttic.aU!f ConhoUe.d Bite6tingenc.e IECB), Cholebtetic.

Nematic. Phabe. Change ICNPC), Cholebtetic.-Nematic. Phabe Change. GUe.bt-

HObt ICNPC-GH) O'l V!fe Phabe. Change IVPC), Supe.t twibted Bite6'liYlgenc.e
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E66ec.t {SBE} and Feuo Elec.t'lic. E66ec.t {FEE} a'le wme exampleb 06 6ield

e66ec.tb [8-14].

c.J Smec.tic. Sto'laqe E66ec.t

A Uquid c.'lljbtai mate'lia1 in the bmec.tic. phabe ib taken to the nematic.

o-t ibot-topic. phau blj extemai heating. A bc.atte-ting btate ib obtained i6

the c.ooUng ib e66ec.ted in the abbenc.e 06 elec.t'lic. Meld. Applic.ation 06

elec.t'lic. Meld while c.ooling, alignb the liquid c.-tljbtal molec.uleb 'lebulting

in a dea'l btate. Dlje mate'lialb c.an be added to the liquid c.'lljbtal to imp'lOve

the c.ont'labt [15]. A bimUa-t elec.t'lO-optic. e66ec.t in bmec.tic.b w.i.th elec.t'lka1

add'leMing, without heating O'l c.ooling ib aiw pOMible [16].

The c.hoic.e. 06 the elec.t'lO-optic. e66e.c.t dependb on itb c.ha-tac.te'libtic.b

and the. applic.ationb. The 'lebulting dibplalj bhould have a high c.ont'labt

and a wide viewing angle. Mo-teove'l multiplexing ib ubed to add'le.M a dib

plalj, when the numbe'l 06 pixelb in a dibplalj ib .lluge. A non-Unea'l elec.t'lO

optic. c.ha'lac.te -tibtiC. ib eMentia.l 60-t multiple.xing. The. c.ha-taete'libtic.b in

6avou-t 06 multiplexiy!g a'le give.n below:-

- Ste.ep elec.t'lO-optic. 'le.bponbe c.uwe. with a th-tebhold. tldea1llj a b-tic.k-wall

c.ha'lac.te'libtic.b ib de.bi-ted} ;

- HIjbte 'lebib; O'l

- Sho-tt time o-t long time memo'llj.

In addition to the above 'lequi-teme.ntb, the 6oUowing c.ha'lac.te-tibtic.b

a'le debi'lable. in anlj elec.t'lO-optic. e66e.c.t:-

- Low \Jfltage ope'lation, M that btanda'ld Ieb c.an be ube.d ab d-tive'lb;
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- Low powe. t e.onwmpUon, to e.nbute. a long batte. ttj li6e. in pOttable. p'lO-

dUe.tb;

- W.ide. te.mpe.tatute. tange.;

- Long U6e.;
I

Colout and gte.tj be.ale. e.apabil.ittj, 60t dibplaying ima.ge.b and be.e.ne.b.

Colout LCVb ate. pObb.ible. btj uMng one. 06 the. 60llow.ing ptine..iple. [11]:-

- Inte:t6e.tene.e le..g., E CB dibplatjb);

- Vie.h'loiz.m le..g., GH dibplatjb);·

- Ab&otption, w.ith e.oloU't 6itte.n Ot e.olout te.61e.e.ton along

w.ith TN LCVb Ot blaC:k GH dibplay b ab light bhutte. t.

The. e.le.e.t'lO-opUe. te.bponbe. e.U'lVe. bhould not be. ve.tlj bte.e.p, i6 gte.tj

be.ale. .ib to be. .inc.lude.d .in the. dibplay. Thib te.qu.ite.me.nt .ib d.ite.e.tltj in e.on61.ie.t

w.ith that 06 muUiple.xing. He.ne.e, the e.hoie.e 06 the elee.t'lO-optie. e66ee.t

dependb on the applie.ation. Table 2.3 giveb the me.titb and deme.t.itb 06

bome impottant elee.t'lO-optie. e.66ee.tb .in liquid C'r.tjbtalb. MObt 06 thebe e66e.e.tb

ate. blow ltljpie.al te.bponbe. time. in the. tange 10- 100 mbl and he.ne.e. the.tj

te.bpond to the. tmb voltage. tathe.t than to the. .inbtantane.OUb voltage.. The.

TNFE, TN-GH, SBE, ECB, ete.. e.xhibit tmb te.bponbe.. 06 the.be., TNFE ib

the. mObt populat and ib ubed .in manlj applie.ationb. Vibplayb babe.d on SBE

we.te. 6int de.ve.loped in 1985 [18J and ate. e.omme.tc.ialllj available. now.

The. te.e.hnologtj 06 SBE dibplaljb ib bimitat to that 06 TNFE, e.xe.e.pt 60t

a 6e.w de.viationb. Vibplatj b babe.d on SBE ate. like.ltj to te.plae.e thobe. babe.d

on TNFE 60t mantj applie.aUonb in the. 6utute. The. dibplayb babe.d on 6e.,(,{D

e.lee.hie. e.66e.e.thave. a 6abt te.bponbe. time. lttjpie.ally 1-100 I1b), good e.onttabt



Table 2.3. lmpottant Elec.tto-optic. E66ec.tb i.n Uqui.d Ctlfbtalb - A Compati.bOn

Elec.t w-opti.c.
E66ec.t

Metit/) Vemet{tb Commentb

Pwtotljpeb ate ava.i.ltible

P'tOtotypeb ate avai.lable

Tec.hnology i.n i.n6ancy

Ukely to teplac.e TNFE
i.Y! many appli.cationb

M06t wi.dellj uoed now;
Colou'l i.!> pOMi.ble;
Umi.ted gtey ocale

Commetc.{alllj ava.i.la.ble

Fi.Ht di.!>cove'led elect 'to
optic. e66ect in Uqui.d
C't1j6tal!>.Not popula.t now

Gtey bc.ale ib not pObbible.
Requite6 uni6o,m ceU thic.b1eM
I±O.2%1. Slow te6ponoe

Low c.onttabt 'Catio; bi.ngle
pola'lizet; Negative cont'labt;
Slow 'lebpOnbe

Limited vi.ewing angle;
Negative c.onttabt;
Slow tebponbe

High Vth. Requtteb uni.60tm cell
thic/znebb I± 0.2 %). Slow tebponbe

Re.latively high voltage (I 0- 15Vl
and powet ImW/cm2) tequi.ted;
Conttabt dependb on angle 06
i.nc.ident Ught; blow tebponbe

Requiteb pola.'liZeH. Umi.ted
viewing angle; Vth dependb on
tempe.tatute. Slow tebponbe

Wide viewing angle

Steep elec.t'tO-opti.c
c.ha 'lac.te tibtic.b
Inhetent c.olout

POMeHeb HYbtetui.b.
Good cont'tabt tatio and
wi.de viewmg angle

Steep elect 'to-optic c.hatacte.ti.
!>ti.C.b;Low voltage. and low
powe't opetation; Good c.on"'
ttabt and wi.de vi.ewing angle

P olatity dependant elec.tto-optic. R equi.teb thi.n cell 11 - 2 11mI

c.hatac.te'tibti.cb, Good c.olittabt and
wi.de vi.ewi.ng. Fabt tebponbe.

No pola.t{zeH tequtted
V h independent 06
dmpetatu'te and vi.ewmg
angle

Low voltage 11 - 3 V I
Low powet opetation

Supet twi.bted
Bi'le6'li.ngence E66e.c.t
(SBE) [13]

Feno Elec.ttic. E66e.c.t
\FEEl [14]

Elec.tti.c.ally Contwlled
Bite6tingence (ECBI
[10]

Guebt-Hobt E66ec.t
IGHEI [9]

Twibted Nematic. Field
E66ec.t ITNFEI [8]

Cholebteti.c to Nemati.c
Phabe Change (CNPCI
[11,12]

Vynami.c. Sc.atteting
E66ec.t [?]

Smec.ti.c. Stotage E66ect
ISSE) [15,16]

Good cont'tabt 'tatio and wide

vi.ewing anglef PObbeMeo
memoty

Requi'teb heating; blow tebpon!>e Electti.ca.l addte6!>1ng
poooi.ble . ~.-..

..."
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and wide viewing angle. But, the technology 06 thebe dibPlcuJb ib not 6utty

developed ab yet. P'lOtotypeb 06 thebe dibplayb ate available and they a'le

buitable 60'l dibplaYb with a high in60tmation denbity.

Since the add'leMing techniqueb 60t mlb 'lebponding deviceb ib the theme

06 thib thebib, only TN LCVb and SBE dibplaYb will be dibcuMed in detail

in the 60llowing bectionb.

2.2.3. TNLCVb

a) P'linciple

The Twibted Nematic Liquid C'lybtal Vibplay IT N LCV) ceU [8] ib made

up 06 two glaM plateb heated 60'l plana'l alignment. The cell ib aMembled

bUch that the ditection 06 the alignment in the top plate ib pe'lpendicula'l.

to that in the bottom plate 06 the cell. Thib dibplay ceU ib 6Wed with

a N LC mi.xtU'l.e having a pob-itive die.lect'l.ic anibOt'l.Opy, The liquid c'l.ybtal

molecule!. con6{ned in the cell 60tm a 90° twibted bt'CUctU'le ab bhown in

Fig. 2.5. Thib twibted bt 'l.Uctute actb like a waveguide and gtaduat.ly 'l.Otateb

the plane 06 polathation by 90°. Hence, a lineatly pola'l.i.zed light incident

on the c.eU eme'lgeb Uneatly pola'ltzed in an o'lthogonal ditection when

the 60llowing conditionb ate batib6{ed:-

The plane 06 pola..tization 06 the incident light ib pa'l.aUe.l O'l pe.'l.pendi

cula'l to the di'lecto'lat the bU'l6ace 06 the cell; and

The p'loduct 06 the optical aniwt'lOptj (l~n) and the pitch (P) ib high

c.ompa'l.ed to the wavelength 06 the incident light, whe'l.e P ib 60u'l

timeb the thicknebb 06 the celt.



INC (DENT LIGHT

INCIDENT LIGHT

POLARIZER

(b) DARK

Fig. 2.5. Twi6te.d Ne.maUc. Ce.U. al OFF, bl ON 6tate.6.
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The cell in the unexcited btate (OFF) totateb the plane 06 the pola..'liza

Uon 06 the inddent light by 90°. Hence, the cell appe.aH -

- da'lll, when viewed between two polatizet6

pa'laltel to each othe'l; and

- t'lanbpa'lent, when viewe.d be.twe.e.n two pola'lize.'lb

pe. 'lpendicula'l to e.ach othe.t.

The. 90° twi6t in the. ce.ll ib 10M whe.n a 6uiJMc.ie.ntly bt'long e.ie.ct'lic

Me.ld ib applie.d to the. ce.ll (ON). H e.nce., the. ce.ll appe.aH -

- ttan6pate.nt be.twe.e.n two patalle.l pola'lize.tb; and

da'lll be.twe.e.n two pe.'lpe.ndicula'l. pola'l.ize.H.

The.di66e. 'le.nce. in t'lanbmiMion be.twe.e.n the. une.xcite.d and e.xdte.d

btate.b ib e.xploite.d in TN LCVb. Only one. optical mode. ib e.xcite.d

he.'le. by pladng the. pola'Lize.t6 patalle.l Ot pe.tpe.ndicula 'L to the. di'le.cto'l

at the. bU'l6ace. 06 the. ce.ll.

TNLCVb 'le.quite. a low powe.t to ope.tate.; (-ll1w/cm2) bince. the.y modula

te. the. incide.nt light and do not e.mit light. A voltage. in the. 'Lange. 06 2-5

VOUb ib ade.quate. to e.x.c.ite. the. ON pixe.lb. The. TN LCVb c.an be. 06 the. 60llo

wing type.!. [19]:-

- TtanbmibMve. type. with the. light bOutCe. at the. back and the. obbe.'Lve.'l

in 6;ont 06 the. dibplay. Thib type 06 dibplay ib p'Le.6e.'l'le.d60'l ube. in

da'lk e.nvitonme.ntb;

- Re.61e..c.tive..type. with both the. light bOU'lCe.and the. obbe.'l.ve.'l in 6'lOnt

06 the. dibplay. A polatize.t with a 'Le.61e.ctot ib ube.d at the. back 06
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the di&play. Thi& type. 06 di&play i& &uitable 60'l u&e in well lit, b'light

envi'lOnment; and

- Ttan!.te6lec.ti.ve type. with a t'lanHe61ee.tO'l .in&tead 06 'le61ee.to'l at the

back. Thib type. 06 di&play i& w.itctble 60'l both da'lk and b'light envi'lOn

ment&. The t'lanHe61ee.tO'l allow& &u66ident light 6wm the bae.k Wum.ina

tion to oal! on the di.&ptlty, 60'l a good 'leadabW.ty in a da'lk envi'lOnment.

The di&play& c.a.n be ope'lated in one 06 the 60110wing mode&:-

- PoAitive. e.onha&t mode. with da'lk bymbolb againbt a b'light bae.kg'lOund.

Thi& ib achieved by placing the top and bottom pola'lize'lb pe'lpendicula'l

to each othe'l in TNLCV&; and

- Negati.ve c.onhaAt mode with b'light &ymbol& again&t a da'lk backg'lOund.

Thib ib ae.hieved by placing the top and bottom pola'lize'lb pa'lal£el to

each othe'l in TN LCV&.

A po&itive cont'la&t mode i& p'le6e'l'led in a 'leMee.tive type 06 dibplay, while

a negative e.ont'lctbt mode i& p'le6e'l'led in a t'lanbmiMive type 06 dibplay

[20].

bJ Elee.t'lO-optie. Re&pon&e 06 TN LCVb

The TN LCVb 'lebpond equally well to both pOMtive and negative volta

ge&. Howeve'l, the. li6e 06 the di&ptltY6 i6 'leduced due to i'l'leVe1.6ibfe electw

e.hemie.al 'leae.tion& i6 they a'le d'liven with a de. Meld. Hene.e, the TN LCV&

a'le nO'lmally d'liven with an ac Meld. They a'le 610w 'lebponding device6

with the 'le6pOn6e time in the 'lange 06 70-700 m6. Thi6 ha6 an integ'lating

e66ect. Hene.e, the elect'lO-optic 'le6pOn6e i6 dete'lmined by the 'lmb voltage
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l£athel£ than the inbtantaneoub voltageb. Typical electto-optic l£ebponbe 06

a TN LCV i6 6hown in Fig. 2.6. The electtO-optic te6ponbe i6 de6cl£.ibed

by the 60Uowing pa.l£ameteH:-

Thl£ebhold voltage IV th)'

SatumtioYl voltage tv Mt)'

Shal£pneM pa.tamete'l (y), and

Re6ponbe Umeb.

Thebe pa'lameteH ate dibcuMed in detail in Appendix 2.

Vth dec1£ea6e6 with an inc'leabe .in tempetatu'le Ityp.ically -5 to -20

mV / °C). V th i6 al60 a nunction 06 the viewing angle, and it deC'le.abeb with

an inCl£eabe .in the viewing angle, meabu'led n'lOm the nO'lmal to the di6play

cell. The 6ha1£pneM pa'lamete'l giveb an idea 06 the numbel£ 06 lineb that

can be multiplexed uMng the N LC mixtu'le. The value 06 y bhould be c.l06e

to 1 601£the mate 'rial to be ube6ul in a lal£ge mat'lix dibplay. Vth and y depend

mainly on the N LC mixtu'le ubed in the dibplay. The'lebponbe time dependb on

the N LC mixtu'le, the dibp(ay cell thic.kneM (dl and the applied Meld.

The pe'lnOl£mance 06 a dihplay ib dete'lmined by the contmbt 'latio and

the viewing angle. Fig. 2.1 6how6 the view.ing angle cha'lacte'li6t.icb 06

a typical TN LCV [21], when the numbe'l 06 lineb multiplexed ib 100. The

cont'rabt 'latio, viewing angle and the 'lebpon6e t.ime can be opt.imi6ed by

cont1£Olling the dibplay cell pa'lameteH [11] ab given below:-

- Ce.U thickn'uf, (dl. A la'lge cell thic.fmeM ib deM'lable 60'r a good cont'ra6t

l£atio. But the 'lebpOnbe time ibdi'lectly p'lopo'ltional to d2• The condition

fln.d " 0.5 11m 'lewltb in a good conttabt 'latio and a 6abt 'lebpOnbe time.
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Fig. 2.1. Viewing angle. chamcte'Libticb 06 a typical TNLCV.
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Howe.ve'l !:In.d = 1.1 j.J m ib p'lene '£'led, bi.n~e the c.ont'labt 'lati.o ib

!eM 6en6itive to thic.fmeM va'liationb and the 'le6uJ.ti.ngdi6p!ay hab

a unino'lm appea'lanc.e.

- Tilt angle. The di'lec.to'l at the 6U'lna.ce ib o'liented at a p'le-ti.!t angie

On 2 to 5° n'lDmthe bU'lnac.eOn the c.ell. Thib eUminateb the non-unino'lm

appea'lanc.e On the dibplay a'libi.ng n'lDm the 'leve'lbe tat in the di'lec.to'l

c.onMgu'lation in the ON btate.

- Twiht benbe. A non-bplay c.onMgumtion with the twibt benbe matc.hing

the tilt di'lec.tion ib 'lequi'led. Thi6 avoidb the non-uni60'lm appe.a'lanc.e

06 the dibplay a'libi.ng n'lom the 'leVe'lbe twibt ev~~n in the OFF btate.

- Vitectot ditecUon at the hUt6ac.e 0' the cell. The axi6 06 bymmet'lY

06 the viewing angle c.ha'lac.te'li&ti.c.blie& at 45° to the di'lec.to'l at

the bU'l6ac.e06 the c.ell. Henc.e, the bebt v.i.ewing quadmnt c.an be c.hoben

depending on the applkation. The di'lec.to'l di'lec.t.i.onib u&ually at 45°

to the edgeb 06 the d.i.6play.

- E66icienc.q 06 the pola.t{zetb. Typical valueb 06 po.ta'lization e66.i.c..ienc.y

and the t'lanbmittanc.e 06 the pola'l.lZe'lbubed in di6plaYb a'le 95% and

45% 'lebpe.c.tively. The c.ont'labt 'latio i& doubled when the pola'lizat.i.on

e66i.c..i.enc.y.i.b 95.5% and the t'lan6m.i.ttanc.ei6 46% [22].

2.2.4. SHE VibplaYb

aJ P'linc.i.ple

The SBE dibplay c.ell [13] 'lequi'leb -

- a twibt angle between 180° and 210° ;
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- a tUte.d alignment with the. di'lecto'l at 20 to 30° to the. bU'l6ace 06

the glaM plateb; and

- the. pola'lize.'lb placed in unconventional di'lectionb.

The dibplay ce.ll ib 6Wed with a N LC mixtu'le with a pObitive. dielect'lic

anibOt'lOPY. The. di'lecto'l at the centte 06 the cell 'lebpOndb mO'le 6'leeiy

to the. applied Meld ab compated with the ditecto'l at the. bU'l6ace 06 the.

cell. Hence. the. va'liation 06 the. tilt angle at the mid-plane. giveb an .idea

06 the. bte.epne.M in the. electto-optic chatactetibticb. Fig. 2.8 giveb the.

mid-plane. tilt angle ab a 6unction 06 the applied voltage 60t Va'liOUb twibt

angleb [21J. FtOm thib Figu'le., it ib evident that the. bteepnebb inC'le.abe.b

with the. twibt angle upto 210°. The. CU'lve hab a negative blope above. 270 °

and e.xhibitb bibtability [23]. The SBE dibplay ib babe.d on the bi'le.6'lingence.

mode, whe.'lein the otdinaty and ext'lao'ldina'lY waveb 06 light inte'l6e'le

in the. Me.ld 06 view to give 'libe. to colout. The SBE dibplayb a'le. albo u6e.

'£'led to ab Supe.t-twit.ted Nematic Liquid CtYbtal Vibplayb !STNLCVb).

b) SBE Vibplaq with 210° Twit.t !SBE-210)

The. SBE dibplalj cell 'le.quiteb a tilted alignment with the di'le.cto'l

at 20-30° with the but6ace. 06 the. cell. Thib ib eMential to bupp'leM the

60tmation 06 two-dimenbional bttiped domainb 60und in the. 210° twibte.d

ce.ll with planat alignment [24]. The. 60110wing pa.tametetb ate. optimit.ed

in the SBE-210 [25] :

-An. d.eo/,20 :: 0.8 l-1m, whe.'le !Jrt it. the optical anibOt'lOPY 06 the N LC

mixtu'le., d-the cell thickneM and 8- the ave'lage tUt angle 06 the mole.

cule.b in the unexcited btate.
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- The. talio (dIP) = 0.75, whete P i6 the pitch 06 the doped NLC mixtu'Ce.

- The dile.ction o~ the. polalize.u with -re6etence to the di'Lection 06

the di'Cect 01£ at the but6ace 06 the cell. The top and bott om pola.'Cize'Lb

a'Le 6et at angle6 8 = 32.50 and y = 51.50 te.1lpectivellj, with 'Ce6e'Cence to

the p'lOje.ction 06-the dite.cto'l at the. 6ut6ace. 06 the cell 60'l a lent-handed

twibt. Thib 'Cebultb in a pOMtive cont-tabt mode..

- Cdl thic.kne.u (d) bhould be uni60tm and the va'liation in thic.fmeM

bhould not exceed ± 2%, 60t a uni60tm appe.a'Cance 06 the di6play.

The 60110wing mode!! ate pOMible. in the. SBE di6play with 2700 twi6t:-

- PoMtiVe. c.onttaAt mode., when the polat ize tb ate placed a6 given above

and ib 'Le6eHed to ab Ydlow mode.. The. be.le.cte.d pixe.l~ a'Le black againbt

a yellow colou'L06 the unbelected pixelb and the backg'lOund.

- Negative. c.onha.6t mode, when one 06 the pola.'lizen i6 'lOtated by

900 6'lOm that c.oHe.bponding to the. pobitive c.onttabt mode.. Thib mode.

ib 'le6ened to ab Blue mode. The belec.ted pixelb a'Le t'la.nbpa'lent (c.olou'l

le.M) againbt a da'Lk putpli6h-blue. 06 the Urlbele.c.ted pix e.lb and the

bac.kg'lound.

The SBE dibplay with 2100 twi6t exhibitb a good c.onl'Labt 'Catio and

wide viewing :Ingle c.hatac.te'Libtic.6. The tebponbe timeb a'Le. in the. 'Lange.

06 200 - 400 mS. The elec.ho-optic. c.hatac.te'Libticb 06 a typic.al SBE-210

dibplay c.ell a'le bhown in Fig. 2.9. The viewing angle cha'lac.te'libtic.6 06

a multiplexed (100 lineb), SBE-270 di6play ate bhown in Fig. 2.70.

The. SiO c.oating whic.h wab otiginally ube.d to obtain the tilted alignment
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.in the SBE c.ell .ib an expe.nb.ive ptoc.eM ab c.ompa'Ced to the poly.im.ide c.oat.ing

and bu66tng 'lequi'Ced in TN LCVb. A bu66tng ptoc.eM to obtain a tUted al.ign

ment hab albo been 'lepo'Cted 'Cec.entty [26,21].

c.J SEE Vibplay with 7800 twibt tSBE-780l

SBE dibplaYb with 7800 twibt a'Ce p'Ce6ened ab a c.omp'lOmibe, binc.e

they do not 'lequ.i'Ce alignment w.ith a high tilt angle. The innH bU'l6ac.eb

06 the dibplay c.ell a'Ce t'Ceated 60'C alignment with a bmaU tUt angle. The

c.ell .ib aMembled buc.h that the di'lec.to'l at the top and bottom glaM plateb

a'Ce pa'lallel to eac.h othe'l. A 7800 twibt ib ac.hieved by doping the N LC

ni.ixtu'le with the 'light amount 06 c.holebte.-tic. mate'lial. The 60llowing pa'la

mete'lb a'le optimized in the S,BE-180 [21,281:-

- An.d. = 7 ~m.

- The. tatio (diP) = 0.3 to 0.5.

- The. dite.ction 06 the. pola.'lize.u. The top and bottom pola'lize'lb a'le

bet at an angle 06 450 to the di'lec.to'l at the bU'l6ac.e06 the c.ell.

- CeU thiclz.ne.u td) bhould be uni60'lm and the va'liat.ion in thic.kneM

bhould not exc.eed t 2%, 60'Ca uni60'Cm appe.a'lanc.e 06 the dibplay.

Only a pob.itive c.ontmbt mode ib 60und buitable 60'l p'lac.tic.al applic.ationb.

The !>elec.ted pixel!> and un!>elected pixel!> exhibit di66e'le.nt c.olou'l!>depending

on the c.ell pa'lamete'l6.

The elec.t'lO-optic. c.ha'lac.te'Cibtic.b 06 SBE-180 dibplay c.ell a'le !>hown

m Fig. 2.17. Although the bteepneH ib le.M than that 06 SBE-210, it ib

bette'l than that 06 TN LCVb.
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Typically, the. te.~pon~e. time. i~ in the. 'Iange. 06 200-400 mS. The. vie.wing

angle. chatacte.ti~UC!l 06 a multiple.xe.d (100 line.!lJ SBE-1S0 di~play ate. ~hown

in Fig. 2.12. A contta~t 'Iatio 06 5 ha~ be.e.n 'Ie.po'lte.d 60t a multiple.xe.d

di!lplay with 200 Une.!l[29].

The. 60Uowing di~play type.!l ate. pObbibte. i.n SBE di.!lptay, ab in the. cabe.

06 TN LCV~:

- Tta.n6mi6Mve. type.,

- Re.6te.c.tive. type., and,

- Ttan6te.61e.ctive. type.

A btack and white SBE dibptay hab be.e.n tepotted te.ce.ntty [30,31]. The.

di~pla.y ce.ll he.'le. ib optimibe.d 60t /).n.d in the. tange. 0.4 to 0.6 llm. The. thick

ne.M tote.tance. ib te.bb ctiticat hete ab compate.d to the. SBE-no and SBE-lS0

dibplaYb.

2.3 MATRIX VISPLAYS ANV MUL TlPLEXING

2.3.1 Mattix Vi&pla.y

A dibplay ib made. up 06 a numbe.t 06 pictute. e.le.me.ntb (pixe.lbJ.

The. in6otmaUon be.ing dibplaye.d depe.ndb on the. cotle.ctive. btate. 06 the.

pixe.lb. A mattix dioplay ib made up 06 an auay 06. dibplay de.me.ntb (e.ithe.'l

e.mibbive. at non-e.mibbive. type.bJ aHanged in the. 60'lm 06 a mat'lix. MObt

06 the. e.le.ct'lOnic dibplay e.le.me.ntb te.quite at te.abt two te.tminalb to activate.

the.m. The. individuat piXe.tb can be dite.ctly connected to the dtive. ele.ct'lO

nic~, whe.n the. numbe.t 06 pixdb in the. dibplay ib bmall. Howe.ve. '[, it be.come.b

mote. and mote. di66icult to conne.ct the.m ditectly to the. dibptay d'live'lb

ab the. numbe.t 06 pixe.lb in a dibplay inCteabe.b. He.nce.a gwup 06 pixefb
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ib made to bha.'le a c.ommon lead O'l add'leM line. Eve'lY pixel in the mxt1.ix

dibplay ib c.onnec.ted to a 'lOW add'leM line and a c.olumn add'leM line' [32].

The'le60'le the '£Ow and c.olumn add'leM lineb 60'lm a mat'liX w.ith the indivi

dual pixelb at thei'l inte'l-bec.tionb. Thebe pixelb c.an be uniquely add'leMed

ab in the C.abe 06 a two dimenbiona..l me.mo'lY auay. A mat'lix dibplay with

'N 1.0Wb and M c.olumnb C.an have (N xM) pixe.lb, whUe. the numbe.'l On c.onne.c

tionb ib jUbt (N + MI. The. numbe.'l 06 conne.ctionb to a dibplay ib minimum

whe.n =

the. pixe.lb in the. dibplay a'le. o'lganize.d ab a bqua'l e., : the. numbe.'l 06

add'leM line.b in the. '£Ow and column 06 the mat'lix ib the oa.me,

and e.qual to the bqua'le.-'lOot 06 the. numbe.'l 06 pixelb.

The numbe.'l 06 c.onnectionb to the. dibplay c.an be. 6u'lthe1. 'le.duced

by ubing one 06 the 60Uowing bcheme.b =

An unconventional inte'lconnecti.on bc.heme, whe.'le.i.n N1 leadb can

add'leM NlINr1J POllHity de.pende.nt de.vic.e.blike. LEV [33] and, Nl{Nr1J/2

pixe.lb -in LCVb [3,4], O'l

Multileve.l Add'lebbing bcheme., whe'le.in a numbe1. 06 mat1..tx dibplaYb

a'le btac.ked one above the othe.'l. White. e.le.c.t'lic.a.ladd'le.Ming ib e.m

ployed to d'live each mat'lix pane.l, optical add'le.Ming ib ubed in

the. thi'ld dime.nbion [35,36].

2.3.2 Font/) and Fotmat/)

The 'leoolution 'lequi'led in a di.bplay ib a 6unc.tion 06 the viewing

dibtance. A pe'loon w.i.th an ave.'lage eye-bight c.an eabily 'leMlve. two pointb

bubtending an angle 06 1 minute 06 a'lc. at the eye. [32]. Thib demandb :at
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le.abt 12 pixelb/mm at a vie.wing dibtance. 06 250 mm. Such a high de.nbity

06 pixe.lb ib not only di66icult to achie.ve. in mObt 06 the. dibplay te.chnologie.b,

but will be. too e.xpe.nbive. 60t many applicationb. A'lOund 900 pixe.lb a'le.

'le.quite.d to dibplay a bingle. chatacte.t with the. bize. and 'le.bolution ab 60und

in a p'linte.d te.xt. The. coM 06 the. dibplay, d'live. e.le.ct'lOnicb and the. aMo

date.d citcuitb will be. high to achie.ve. thib te.bolution. Nume.'lic. and alpha

num e.'lic dibplay b in mObt 06 the. ptactical applicationb ube. bimple. 'l 60ntb

60t te.chnical and e.conomic te.abonb [31].

The. vauoub dibplay 60ntb ube.d in p-tactice. a'le. give.n in Table. 2.4.

The.be. cha'lacte.'l 60ntb a'le. de.bigne.d to uduce. the. numbe.'l 06 pixelb. Any

6ailute. in the. dibplay Ot the. dtive. e.le.ctwnicb can le.ad to 'le.ading e.UOH.

A bingle. 6auft ib be.'l.ioUbin a 60nt Ubing batb and can le.ad to e.none.oub

'l.e.ading. A dot-mattix nont can accommodate. a bingle. 6auft without caubing

any 'l.e.ading e.non. Howe.ve.t, an e.not due. to a wtongly activate.d dot ib

, mote. pwmine.nt ab compate.d to a mibbing dot [31]. While. the numbe.'l. 06

pixe.16 can be. 'le.duce.d in nume.tic and alphanume.tic applicationb, no buch

te.ductioYl ib pOMible. in gmphic di6plaYb.

MObt 06 the. chamcte.t 60ntb give.n in Table. 2.4 [32,31] a'le. witable.

60t LCVb. The. pixe.lb in the. LCV6 a'l.e. 60tme.d by the. inte.ne.ction 06 e.le.c

hode. patte.mb on the. top and bottom glaM plate.b On the. dibplay ce.ll. He.nce

the. e.le.ctwde. patte. 'lI'l6 mubt be. de.6igne.d buch that the.y inte. He.ct only

at the. pixel and not anljwhete. elbe in the active. at ea. The. cha'l.acte.'l. 60ntb

m L CVb can e.abily be. imr:J'loved, bince. the. pixe.l 6hape. can be. change.d

by alte'ling the. ele.ct'lode. patte.tnb. Apatt ntOm the. chatacte.t 60ntb, bpe.cial

bymbolb like. kHz, mV, Q ,e.tc., can be included with
r T ••. .....-- •• '". ~
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Ta.ble 2.4. Va.-tiou~ Cha.-ta.c.te-tFont~ u~ed in Vi~pla.y~

Font
No. 06 Pixel6l

FO-tma.tPu'tpo~eComment~Cha.mc.te 1.

Seven nume'tic.

Seven ba.H andtated to -tight0-9 a.nd 6ew c.ha.'ta.c.te't~widely u~ed in di~pla.y~
~egment

a. decima.l point like A, E, H, L, P

sta.'t bUHt

13 - 16 ba.Htilted to 'tight0-9, A-Z and ~pec.ia.l
pa.tte'tn

c.ha.'ta.c.t eHNot popula.1.

3 x 5 dot

15 dot~5 l.Ow~ and0-9 Nume 'f.ic.a.pplic.a.tion not a.~
ma.t'tix

3 c.olumn~popula.'t a.6 6even 6egment
dl.6pla.y

5x7

dot 35 dot~ '1 'tow~ and0-9, A-Z a.nd ~pec.l.a.lMo~t popula.'t in Alpha.nume't{c.
ma.t1.ix

5 column~c.ha.'ta.cte Ha.pplic.a.t{on~

'1 x 9 -dot

63 dot~9 'tow~ and0-9, A-Z (both uppe1.Ha.6 bette-t cha.'ta.c.te-t 'tep'te-
ma.t't{x

'1 c.olumn~and lowe't c.a.~el a.nd~enta.tion compa.'ted to
~pec.ia.l cha.1.a.c.te16

5 x ? dot ma.t'tix.

5 x 5 dot

48 dot~5 l.Ow~ and0-9, A-Z a.nd 6pec.ia.lNot popula.'t
ma.t'tix 5 c.olumn6 mht' be

c.ha.'ta.c.te't6

lilte.d to 'tl.gh6 x 8 dot

48 dot~8 'tOw~ and""""

ma.t-t{x
6 c.olumn~

Ra.ndom

13-30 ~tl.Oke!lba.H 1.a.ndomly0-9, A-Z and ~pecia.lu6ed .in CRT a.nd plotte't~
p06ition

cha.'ta.cte Honly
II'-:)

.ww
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LCVb, without any additional cObt. The pixelb in the.be. nume'lic and aipha

nume.'lic dibplaYb a'le. ubually inte.'lconne.c.te.d to 60'lm a mat'lix dibplay, i6

the. numbe.'l 06 pi.x.e.lb ib la'lge.. The. ele.ct'lOde. patte.'lnb on the glaM plate.b

60'lm the. pixe.lb ab we.ll ab the. add'le.M line.b.

2.3.3 Muttiple.xin 9

A dibplay bhould be. capable. 06 dibplaying any in60'lmati.on. He.nce.

it bhould be. pOMible to activate. the. be.le.cte.d pi.x.e.lb without aite. 'ling the.

btate. 06 the othe.'l pi.x.elb. The. p'lOCebb 06 t'lanbmitting in60'lmati.on to aU

the. pixe.lb and hence. activating theapp'lOp'liate. one.b ib c.a.lle.d addle.Ming.

A line.-by-line. add'le.bbing ib ube.d in mat'l<X dibplaYb babe.d on many te.chno

logieb induding LCVb. The. in60'lmation to be. dibpla.ye.d in a column (01£

'£Ow! ib time multiple.xe.d thtough a bingle. column (01£ '£Ow! add'le.M line..

Thib ib bimila'l to the. time divibion multiple.xing in communication e.ngine.e.

'ling. Hence the. add'le.Ming te.chnique. ib commonly te.6e.'l'le.d to ab Multiple.xing

01£ Mat'lix add'lebbing. A bigna.t applied to a c.olumn 601£activating a pixel

m a be.le.cted 'lOW appea'lb ac'lOU all the pixe.lb conne.cte.d to that column.

He.nce the. dibplay e.leme.ntb bhould have. nonline.a'l cha 'lact e'libticb, i6 the.y

ate to be. multiplexed [381, e.g., LEV ib a pola'lity depe.ndent device with

a nonlinea'l V-I cha'lacte'li6ticb. The main advantage.b 06 multiple.xing a'le

ab 60UOWb :

A 'leduction in the. numbe.t 66 connectionb to the. dibplay ;

A'leduction in the numbet 06 dibplay d'live.tb; and,

Inc 'le.abe. in th e. 'le.liability.

Howe.ve.'l the. pe.'l60'lmance 06 a multiple.xe.d dibplay may be. limited by

the bho'ltcomingb in the nonlinC'..a.t cha'lactetibticb 06 the. dibplay de.vice.
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But muUiplexing become& the natu'lal choice when the numbe'l 06 pixel&

in a dibpiay i& la'lge, in bpite 06 thib d'lawback •.

The mat'lix di&plaYb· make ube 06 the inttinAie nonlinea'liti.eb p'lebent

in a di&play device. Thi& app'lOach i& not &uitablewhen the nonlinea'l cha'lac

te'li&tic& in a di&play device a'le :

totally ab&ent; O'l

not adequate 60'l a g.iven application.

Multiplexing i& then made pOMible O'l enhanced by inco'lpo'lating a nonline.a'l

element with each pixel in the mat'lix di&play [39,40]. The nonlinea'l element

can be one 06 tit e 60110wing device& :

Va'li&to'l [47,42]

Diode [43,44,45]

Metal-lnwlato'l-Metal IMIM} device [46,471

Thin Film T1anU&t01 ITFT} [48,49,50].

Mat1ix di&play& 6ab'licated with &uch nonUnea'l element& a'le u&ually called

Act.i.ve mat'lix di&play&. The te'lm active in thi& context '[e6e'l& to the p'l:e

&ence 06 an uttinAie nonUnea'[ element only. Table 2.5 g.ive& a co mpa'l.iwn

between the mat'lix add1eM.ing lmult.iplex.ing u&ing the .inh.in&ic. 1'1 online.a'[ity}

and the active mat'[ix add1eMing. The ac.tive mat'lix app'lOach i& becoming

popula'[ now-a-day& becau&e 06 the 60lfowing deve.lopmentb:

Reduction in the numbe1 06 btepb 1equi.'led 601 the

6ab'[ication 06 the nonl.{nea1 device& [57]; and,

.
Int'lOduct.ion 06 'ledundancy techn.ique& to imp'lOve the yield [52].



Table 2.5. Ma.t~ix Add~e6bing and Active Ma.t~ix Add~eMin9 - A Compa.~i60n

Cha.~a.cte ~ibtic.b 06

P,aa.mete~b

Ma.t~ix Add~ebbingActive Ma.t~ix Add~e6bi.n9 tUbing exhin6ic
(multiplexing with

nonU.nea.~ity) with
the int~inbic. non- Unea.~ity)

Two te~mina.i device I.Th~ee te~mina.i deviceb

NonUnea.~ity in thedil.pla.y

El>l.enti.a1
devi.c.e cha.~a.c.te~il>ticl> Not ebl.entia.iNot eMenti.a1

VibP!a.y pe~60~ma.ltce

Highly dependent onLel.b dependent on NIndependent 06 N
Icont~a.l.t ~a.Uo and viewing

the numbe~ 06 lineb
angle)

multiplexed (N)

V~ive ~equi~ementb

Vependb on NVependb on NIndependent 06 N

Vuty cycle

7/NCa.n be enhanced with700 % with a. 6t01age devi.c.e
a I.t01age element

Supply voltage

InC1ea6el> with NInC1eabei. with NIndependent 06 N

Vi6play 6ab1ication

SimpleRequi'te6 6eve.'ta.i btepl.Requi'te6 4eve'tal 6tepb

G'tey levell.

LimitedLimitedUnlimited

Yield

GoodPoo'tPoo't

CObt

EconomicalExpenbiveExpenbive

~.
I..N
Q-.



Howeve'l, multiplexing uWrg the inhint.ie. lJonline.atity ib btill aUtae.live..

due to itb inhe'lent bimplkity and e.Obt e66ee.tiveneM. The e.ha'lae.te'libtie.b

in 6avou'l 06 multiplexing TN LCVb a'le given in Table 2.6. MObt 06 the liquid

e.'lYbtal dibplaYb. ube the voltage th1ebhold and the 1mb 1ebponbe 601 multi

plexing. VibplaYb ubing the dielee.hie. 'lelaxation in liquid e.1ybtalb (two

6'lequene.y add1eMingJ ate not popula1 due to the d'lawbae.k.b libted in Tab.f.e'

2.6.

MObt 06 the eleetw-optie e66ee.tb in liquid etYbtafb exhi.bit 1mb 1eb

ponbe, whieh ib independent 06 the pola1ity 06 the voltage. The p'l.Oblem

06 e.'lOM-talk. eneounte'led in a mat1ix dibplay ib WUbtmted ubing a 2 x 2

mat1ix bhown in Fig. 2.13. A voltage V ib applied to the 'lOW X 1 and the.

e.oiumn e.lee.t'lOde Y 1 ib g'lOunded. The 'lemaining eleet todeb, viz., X2 and

Y2 a1e le6t Oloaling. The 60liowing btateb ate de6ined in thi.b anangement:

Selee.ted btate {P11 J ;

Ha16-beleeted btate (P 12 and P 21 J; and,

Non-beleeted btate (p 22) •

Ab the voltage V ib ineteabed 6'lOm zew, the belected pixel ib activated

6iut. When the amplitude 06 V ib ine'leabed 6u'lthe'l, pixelb in the hal6-beleet

and non-belect btate a'le alba aetivated. Thib phenomenon ib 'lene.ned to

ab eWM-talk. and ib mainly due to the bidi.'lectional eha'lacte'libtie.b 06 LCVb.

The applied voltage ib divided among the hal6-beleet and non-belect pixelb

depending on thei'l impedaneeb. The e'lOM-talk. in the ae.tual mat'lix ib mO'le

e.omplie.ated due to the la'lge numbe'l 06 'lOWb and eofu.mnb, and .ib eab.i.ltj

2.31
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Table 2.6 Cha'C.acte'C.illticl> in 6avou'C.06 multiptexing TNLCVl>

Cha'C.acte'C.illticl>
pointl> in 6avou'C.06C'titi.cat

Sho'C.tcomingl>multiplexing
pa'tameten

Elect 'C.O-Opti.c.

A voltage betow VthAE, An, dThe elect'l.o-opti.c.
'I.el>ponl>ewith

ac'tOl>!>the elementl>
AE/E!K3/K71

'I.el>pon!>ecu we ill not

£l. weU de6ined
doe!> not active them l>teep la b'l.ick wail

th'l.el>hotd
P'te-titt angiechll. ill delli'l.edl. Vth

voltage! Vth'

and l>teepnel>lla'l.e
6unctionll 06 viewingangie and tempe'tatu'C.e

'I.mll 'C.ellponlle

P'l.uenc.e 06 an inl>tan-Ceil thicknel>"Re"ponbe time il>
('I.UpOnbe i"

taneou" voltage aboveand Vibcobityia'C.ge
independent 06

Vth doe!> not tu'C.n ON
the "hape 06 the

an OFF pixel, i6 V'l.mb
add'telll>ing wave-

i" lell" than Vth
60'l.mb'

Vielect'C.ic 'I.elaxa-

Change in bign 06 thetJ.Eand 6c.6c. and dietect't.ic
tion .in bome 06

dielec.t'C..ic anibot'tOPIJ anil>ot'toPIJ .ib a
the N LC mixtu'C.el>

at h.igh 6'1.equency 6unct.ion 06 tempe-
mtu'l.e

Commentb

Vth .ib el>!>enti.at

60'1.multiplexing

Allowl> a g'l.e.ate'l.
6'C.eedom in the
choice 06 the
add'l.eHing wave
60'l.mb

Not poputa'l. due to
the tempe'C.atu'C.e
dependence 06

anil>ot'Copy. Requ.i'C.el>
high voltage pulbell
60t add'Cebbing and
powe'C conl>umption
.ib high

I'.:>

Vol
Oa
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(b)

Fi.g. 2.13. ZUubt1at{on on c.'lOH-talk in a mat'l.ix dibplay •

a) 2 X 2 mat'lix, and b) itb equivalent c..i'lc.uit.
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vibible. in a de.vic..e. with a pOO'L th'Le.bhoM c..ha'Lac..te.'C.i.btic..b[3]. The. e.66e.c..t

06 c..'LoM-talk c..an be. minimize.d by c..onne.c..ti.ngthe. e.le.c..twde.b to low d'Living

impe.danc..e.b [53].

'2.3.4 Duitable. Chatac..tuihtic..h 06 Addte.Mmg Te.c..hnique.h

The. 60Uowing c..ha1ac..te.'LibUc..ba1e. de.bi1e.d in any add'Le.Ming te.c..h

nique. 60'L d'Living mat'C..ix dibplayb with an 'Lmb 'Le.bponbe.~The. add'Le.Ming

te.c..hnique.b a'Le. babe.d on the. int'Linbic.. nonUne.a'Litie.b in LCVb with a bpe.c..i.al

'Le.6e.'Le.nc..e.to TN LCVb :

The. c..10M-talk bhould be. minimize.d.

The. 'Lmb voltage. ac..WM all the. ON p.ixe.lb and bim.ila'Lly the. 'Lmb

voltage. ac..WM all the. OFF pixe.lb bhould be. e.quat 60l a uni60'Lm

appe.a'Lanc..e. 06 the. dibplatj. Conbide1ing the nonlinea'l t'lanbmibbion

c..ha'Lac..te.'Libtic..b06 TN LCVb (Fig. '2.61, ideally the.

i) voltage ac..WM the. OFF pixelb, i.e., VOFF (1mb) ~ Vth; and,

ii.) voltage ac..WM the ON pixelb, i.e., VON ('lmb) ~ Vbat •

But, in pmc..tic..e., the. 'Lmb voltage. ac..WM pixelb in ide.ntic.al btate.b bhould

be the bame. 60'l the. 'Le.abOnbgiven below :

.il The. th'Le.bhold c..ha'lac..te.'Libtic..06 TN LCVb Va'Lieb c..onb.ide.'lably w.ith

v.ie.wing angl.e.; and

(.{) The. voltage ma'lgin between VON !'lmb) and VOFF ('lmb) .ib not

. wide., e.bpe.c..ially whe.n the. numbe'l 06 lineb mult.iple.xe.d ib la'Lge.•

The. be.le.c..t.ion 'Latio, i.e.., R = [VON (1mb)/V OFF (1mb)] bhould be.

..
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high. Thi.b e.n.bu're..ba good di.bc.'rimination be.twe.e.n the. ON and OFF pixd.b,

'le..bulting in a good c.ont'Ca.bt'ratio 00 the. dhplay ;

The. add're.Ming te.c.hnique..bhould le.ad to a dc.-o'Ce.e. ope.'Cation, .en

o'rde.'rto e.n.bU'le.a long line. 06 the. di.bplay ;

The. .bupply voltage. uqui're.me.nt .bhould be. low 00'l the. nollowing

'le.aWn.b: -

i} LCVb (ue. mObtly ube.d in pO'rtable. p'lOdUC.tb; and

W Re.guta'r CMOS lCb c.an be. di're.c.tfy ube.d without any ne.e.d 00'l

de.ve.lopme.nt 00 high voltage. d'rive.'rb, le.ading to c.onbide.'rahte. e.c.onomy.

iii) An add're.Ming te.c.hnique. 're.quhing a lowe.'r bupply voltage. .c.b p'le.

oe.'lable. (~ve.n whe.n the. .bUpply voltage. ib de.te.'rm.in(~dby othe.'l c.onbi

de.-'lat.ion6'.b.cnc.e.N LC mixtU're.b 601 TN LCVb with a 6te.e.p e.£e.c.t'lO-opt.ic.

c.ha'rac.te.'r.{.bt.cc.ubually have. a high U th'

The. add're.M.cng te.c.hnique. bhould be. o.i.mple.. Apa'rt o'lOm the. ele.ganc.e.,·

thi!> le.ad!> to a !>imple. c.ont'lOl c.i'lc.uit and he.nc.e. wilt be. 'le.Uable.

and. e.c.onomic.al.

The. add're.Ming te.c.hnique. bhould have. the. 6le.xibWty to matc.h the.

. d.cbplay c.ha'lac.te.'li.bt.ic.b. Fo'r e.xample. the. d.ce.le.c.t'lic. 'le.laxati.on in

liquid c.'rYbtalb de.mandb that all the. 6'le.que.nc.y c.ompone.ntb 00 the.

wave.60'lm ac.'rOM the. pi.xe.f6 to li.e. within the. Mat 're.gi.on 06 the. c.uwe.

(Fig, A 1.2).

2.4 MATRIX AVVRESSING OF LCVt> - CURRENT APPROACHES

The. pe.'loo'lmanc.e. 06 a mult.iple.xe. d LCV de.pe.ndb on -
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the liquid c.tYbtat matetial u6ed in the di6pla!:f, i.e., it6 ph!:f6ical pa'la

mete. 'l6 ;

the dec.ito-optic. e~~ec.t employe.d including the. ce.lf pa'lame.te.'l6 ;

and

the. addte.&Wrg tec.hnique u6e.d to d'live. the di6pla!:f.

WhUe Mme impo'ltant abpe.c.tb 06 liquid c.'lYbtalb and the e.le.c.to-optic. e.66e.c.tb

we.'le. 'le.vie.we.d e.a'lfie.'l, the. Va'liOU6 add'le.Ming te.chnique.b 60'l multiple.xing

tmb tebponding LCV& a'le. c'litically 'leviewed he'le. The.6e add'le.Ming techni.

que.6 can be. bwadl!:f daMi6ie.d a6 60110.w6:-

- Tec.hniqueb 60t dibplaging genetal patte. tnb; and

- Te.chnique.b nOt di.llplaging tebiticte.d pattetnll [54].

BaMcb 06 mat'lix add'le.Ming, the Di'lec.t d'living, the. Hal6-Select Technique.,

the. One.-thi'ld Se.le.ct Technique., the Aft and Ple6hko Technique. IAPT!, the.

Imp'COve.d APT (ZAPT!, the Switching Bi.a.b Voltage Add'le.Ming Technique

ISBA T! and the. Two F'le.quency Add'le.Ming Te.chnique. a'le. cove.'le.d unde.'l

the. 6i'lbt catego'l.!J. BaMcb 06 'lebt'licted patte'ln add'leMing and bOme bpec.i.a.l

add'le.Ming te.chnique6 60'l 06c.i.llobCOpe. dibpla!:f6 a'le. cove.'le.d next. Thib i6

60ilowe.d by p'lacticat con6ide'lationb applicable to mat'lix add'leMing a.nd

bO me. te.chnique.b 60'l 'le.ducing the. le.ad count in mat'lix dibplay6.

2.4.1 Vi.llplaIJing Ge.netal Pattetnll

a) Ba6ic6 06 Mat'eix Add'leMin~

The. line.-b!:f-line. add'le.Ming i6 the. babi6 06 aU the. add'le.Ming te.chnique.b

60'l multiple.xing -tmb 'le.bponding LCDb. One bet 06 add'leM Uneb ('COw O'l
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column) .ib ubed no.ozthe bcann.ing, whUe the othe.oz bet lc.olumn o.oz'ZOw) .ib

ube.d 60't the. bignalb. The. choice. 6e.twe.e.n the. ww and column add'te.M line.b

no.ozbcann.ing depe.ndb on the mat.ozix. The bet w.ith a bmall numbe.oz 06 add'teM

line.b ib p'te.6e.ued 60'1:bc.anning, bince. the pe't6o.ozmance. 06 a mat-tix dibplay

dete.oz.iomteb w.ith the numbe.oz 06 add.ozeM l.ineb. Howeve.oz, the bcanning ib

conb.i.de.ozedto be ww-wibe in th.i.b 'l:ev.iew 60.ozthe bake 06 conven.i.ence. The

N add.ozeM l.ineb to be multiplexed a.oze bequentially belected one at a· time.

The belecte.d 'lOW getb a voltage V whi.£e the unbelected 'WWb a"le gwunded •
. .oz

The column voltage V dependb on the data to be d.ibptayed .in the belectedc

'ZOw and .i.b .i.n-phabe w.ith V 60.ozan OFF p.ixel and .i.b out-06-phabe 60.ozan
.oz

ON pixel. Both the 'ZOw-beleet and column voltageb a.ozeb.imultaneoubly appl.ied

to the dibplatj. A cycle .i.b completed when all the 'WWb a're belected once.

The dibplay bhould be 're6tebhed bu6Mc..i.enUy Oabt to avo.i.d6l.i.ck.e 't, b.i.nce

tmb tebponding LCVb have bhO'tt time memo'rY only. The poJa'r.i.ty

06 the 'ZOWand column voltageb a're 'reve'rbed pe'riodically in o'rde'r to enbu'le

a dc-6tee ope mt.ion.

Vi'l:ect d'l:{v.ing ib employed, when the numbet 06 pixelb in a dibplay

ib bmall (le.M than 20-30). The e.lec.twde patte.'tnb on one. 06 the glaM plateb

a'te inte'rconnected to 6o'tm a common back-plane and b'ZOught out ab a

bi.ngle connection. The connection 60'r each pixel i.b 6'ZOught out indepe.ndenUy

on the othe'r glaM plate. Hence a dibplay with M pixelb will 'l:equi'le 1M+ 1)

exte.'tnal connect.i.onb. Thib ib equivalent to a mat'rix with a b.i.ngle 'tow and

M columnb. The ON pixelb he're can be d'riven ab ha'rd ab 'tequ.i.'red, while
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the OFF pixef6 get a zew voltage aC10M them. CMOS fogic gate6 a1e weft

6u.ited 601 d1.iv.ing 6uch LCV6. The main ctdvantageb 06 u6ing CMOS gateb

a6 d1.ive1b a1e fi6ted in Table 2.1. BiphaAe addteAWtg i6 the moM popula1

techn.ique 60'l di1ect£y d'living TN LC D6 Mnce the bUpply voltage 1equi1ement

06 thib technique :i6 low. H e'le., an Exdu6ive-OR gate, u6ed a6 a cont1OUed

.inve1te'l .i6 the d'live'l IF.i.g. 2.14J. A Aqua'le wave with 50% duty cyde .ib

appUed to the. back-plane. and ab one 06 the. inputb 06 the. gate.. The. data

ib connected ab the othe'l .input 06 the gate. The d'L.ive'L 6unctionb ab 60110wb:

The output 06 the gate .i6 1800 out-06-pha6e w.i.th the back-plane. wave

6O'C.m,when the data input i6 logic 1. Hence an ON pixei ge.tb an 'Lmb

voltage. equal to the 6upply voltage;< OR

The output 06 the gate wUf be m-pha6e with the back-plane wave601m,

whe.n the data .input .i6 logic O. Hence. the. voltage. aCW66 an OFF p.ixel

.i6 ze.w. The 6'Lequency 06 the 6qua1e wave601m ib u6uaUy low 132

100 HzJ .in o'lde'l to COn6e'LVe.powe'l. The bUpply voltage ib ch06e.n to

be at !eabt th1ee time6 V th' .in o'Lde'L to get a good cont'la6t 1aUo

.in the dibplay.

The p'Loblem 06 cWM-talk appe.aH even in a dhectilj d'l.iven d.ibplay,

when the d.i6play Mze i6 la1ge [55]. The back-plane wave60'Lm getb d.i6t01ted

60'L the. 6011ow.ing 'le.a6on6 :

The dibt1ibuted 'lebi6tance 06 the back-plane e1ectwde; and

The la'lge capacitance (100 - 1000 PFJ 06 the pixel6.

The cW66-tatk can ea6Uy be ob6e.'lve.d by inC'le.aMng the amplitude. and 6'le-



Table 2.7. Advantage!> 06 CMOS gate!> a!> LCV d'l.tveH

They a'Ce low powe'l device!>

The!:! ope'Cate ove'C a w.{de voltage 'Cange

They have &ymmet'C.tcal cha'1.acte'1.i!>t.ic!>

They can !>ink 0'1.l>Ou'Cceequally well.
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(0)

Fig. 2.14. Bipha.be. a.dd'l.e.bbing 06 di'l.e.ctiy d'l.ive.n dibpla.Yb
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Fig. 2.15. Modi..frie.d a.ddte.bbi..ng wa.ve.60tmb to te.duce. powe.t
conbumpt.i.on.
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quency 06 the add'leM<ng wave60'lm. The e66ect 06 c'lOM-talk .in a la'Cge

a'lea, di.'lectly d'l.cven d.coplay can be 'leduced by tak.ing the 601l0wi.ng otepo:

VeC'leaMng the 'leo.iotance 06 the back-plane elect'lOde;

Uoing an N LC mix.tu'le with a high Vth; O'l

Delaying the oegment UXtve60'Cm ( .....300 11oJ wi.th u6e'lence to the back-

The powe'l 'lequiud in the dhectly d'l<ven dioplay can be 'leduc..ed by modi

6ying the add'leMing wave60'lmo all given .in fig.2.15. All the d'Cive l.ineo

a'le momenta'lily g'lOunded he'le, to allow the cha'lge aC'lOM the ON pixelo

to diocha'lge without uoing the oupply cuuent. White a 50% 'leduction .in

the powe'l io expected theo'leUc.aUy, an actual uduction 06 33-43% i.o 'Cepo'l

ted in Ute'latu'le [56].

c..) Hal6-llelect Technique [HST]

Th.cb techn.cque .co baoed on Une-by-Une. add'leM.ing and wao the 6hot

techn.ique eve'l uoed 60'l multiplexing LCVo [57]. The 'lOw-oelect voltage

he 'Ce.io tV /2 and the. column voltage. V io ao g.cve.nbe.low :c

V = ±V/2, i.e., in-phaoe with the 'lOW-llelect voltage, 00'l an OFF pixe.lc.

in the oelecte.d 'lOW; and

V = +V/2, .i..e., out-06-phaoe wdh the 'lOW-oe1e.ct voltage, 60'l an ONc

pixel in the oelect ed '£Ow.

The .cnotantaneouo voltage aC'lOM a pixel 00'l all the combinationll 06 'COw

and column voltageo a'le given in Table 2.8. The voltageo w.ithin the pa'Centhe

oio i.nc.lude pola'li.ty inVe'lMOn, 60'l a dc-oue ope'lat.i.on. Thio tec.hnique all
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Table. 2.8. Pixd vottage.~ in the. HaI6-be.le.ct te.chnique.b

Applied Volta.ge

Row Column

+V/2, 1-V/21 -V/2, 1+V/21

Selected Selected

+V/2, (-V/2) +V/2, (-V/2)

Selected Unt.elected

0, (0) -V/2, 1+ V/2)

Un6dected 6de.cted

0, (0) . +V/2, (-V/2)

Un6de.c.ted Un6de.cted

R e.6uttant vottaqe.
aC-lObbthe. pixelb

+V, I-VI

ON pixel

0, (0)

OFF pixd

+V/2, (-V/2)

both ON and OFF pixdt.

-V/2, (+V/2)

both ON and OFF pixd6

I
",
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12.2J

12.1J

V

it wab o't..i.ginall!f ubed did not take the 1mb 'lebpOnbe 06 LCVb into conbide'la

t,{on. Hence the inbtantaneoub voltage ItV12 J wab maintained below Vth'

bO that the OFF p{Xe.£b a'le not activated. A dibpla!f with a 6abt 1ebponbe

t,{rne ib 'lequi'led i6 the technique ib babed on inbtantaneoub 1ebponbe 1.athe1

than the 'lmb 'lebponbe. The 'lmb voltage aC'lOM the pixe.£b and the belection

'latio 06 thib technique a'le howeve'l given below 601£the bake 06 completeneM.

[ 2 V 2 ] 1/2 1/2V + IN - 1) 71 [ N + 3 JVON l'lmbl = ------ = -- V
N 4N

V OFF I<m.) • [_I N_-_;_J _~_)_2 r2 = [_N4_:_' t2
and

The belection 'laUo = R = [ _N_+_3N - 1 r (2.3)

whe 'le N ib the numbe 1£06 Uneb multiplexed.

d) One-thi'ld Select Technique lOST)

Thib technique ib a Une-b!f-line add'leMing technique and ib babed on

the 'Cmb 'lebpOnbe 06 LCVb [58,59]. The 'lOWb a'le belected with a voltage

t 2i, while the unbele.cted 'lOWb a'le g'lOunded. The column voltage Vc ib

t ~ and dependb on the data to be dibplayed in the belected 'lOW ab given

below:

V = tV13, i.e., in-phabe with the 'lOW-be.lect voltage 601 an OFF pixel,c

and

V =:;. V/3, i.e., out-06-phabe with the 'lOW-belect volta.ge 601£a.n ON pixel.c
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The inbtantaneoub voltageb ac.'lOM the pixelb in the OST a'le given

in Table 2.9. The. 1mb voltage ac.'lOM the ON and OFF pixe.lb ale given

below:

[ 2 V 2] 1/2 [ ] 1/2

V + IN - 1} PJ} N + 8
V l'lmbl = ----- = -- V

ON N 9N

[ ~~/ + IN - 1} l~/]1/2 .[ N ]1/2 V
VOFF l'lmb} = ------ = - . V = "3

. N 9N

The belec.tion mtio he'le ib

whe'le N ib the numbe'l 06 lineb multiplexed.

The oupply voltage 60'l thib ~ec.hnique ib obtained ab 6oiloWb :

12.4)

12.5)

(2.6)

O'l

V OFF ('lmb)
= -~

- 3 (2.7 )

Vbupply = V = 3Vth
12.8)

Althou gh the bupply voltage he'le ib independent 06 N, the belec.tion mUo

ib not the maximum 60'l all valueb 06 N. Thib ib bec.a.ube the 'lmb 'lebpOnbe 06

LCVb ib not exploited 6ully he'le. The belec.tion 'laUo ib maximum, only

when N = 4. Henc.e, thib tec.hnique ib no longe.'l ubed due to itb pOO'l be.lec.tion

'latio, ebpec.ially 60'l highe'l value.o 06 N.

e) AU and Plebhko Tec.hnique IAPT)

AU and Plebhko we'le the 6{'lbt to maximize the be.lec.tion 'latio by



Table 2.9. Pixel voltage!. in the Orie-thifd 6elec.tion tec.hnique
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Row

Applied voltage

Column

Re6ultant voltage ac.'lOM
the pixel6

+~ 1- 2V.3' 3'
Sele.c.te.d

& I-~'3 ' 3

SeleCte.d

0, 101

Un&ele.c.ted

0, 101

Un&elec.te.d

v V
-3' 1+3'

Se.te.c.te.d

V V
+3,1-3'
Un&ele.c.te.d

V V
-3,1+3'
Selec.ted

V V
+ 3' 1-3'
Un&etec.ted

+V, 1- V,

ON pixel

V V
+3' 1-3'
OFF pixel

V V
"3' 1--1' .

both ON and OFF pixel&

V V
-3' I+-y

both ON and OFF pixel&
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tak.{ng the. 'lmb 'le.bponbe. 06 LCDb {nto conMde.'laUon [60]. The. {nbtantane.oub

voltage. aC'lOM an OFF pixe.lcan e.xce.e.d V th ab long ab the. 60Uowing con

bt'laintb a'le. oatibOie.d :

ltb dU'lat.i.on ib bmall ab compa'le.d to the. 'le.bponbe. time. 06 the. dibplay;
and

- The.. 'lmb voltage. aC'lObbthe. pixe.l ib be.low V thO

Thib te.chnique. ib a l.i.ne.-by-li.ne. addubbing te.chnique.. The. 'lOWb a'le. be.que.n

t.i.ally be.le.cte.d with a 'lOw-be.le.ct voltage. tV, while. the. unbe.le.cte.d 'lOWb'l

a'le. g'lOunde.d. The. cohmn. voltage. de.pe.ndb on the. data to be. dibplaye.d in

the. be.le.cte.d 'lOW ab give.n be.low :

It ib tV c' i.e.., in-phabe. with the. 'lOw-be.le.ct voltage. 60'l OFF piXe./b;

O'l

It ib +V , i.e.., out-06-phabe. with the. 'lOW-be.le.ct voltage. 60'l ON piXe.lb.c

The. inbtantane.oub voltage.b aC'lObb the. piXe.lb 60'l the. Va'liOUb combina-

tionb 06 'lOWand column voltage.b a'le. giv~n in Table. 2.10.

The. inbtantane.oUb voltage. IV 'l-V c I appe.a'ling aC'lObb the. OFF piXe..tb can

be. highe.'l than Vth• The. column voltage. IV c I appe.a'ling ac.'lOM the. pixe..tb,

whe.n the. C.oHe.bponding 'lOW ib not be.le.c.te.d, dOe.b not have. any 'le.le.vance.

to the. data to be. dibplaye.d in the.be. pixe.lb. He.nc.e., the. duty c.yc..te.'ib 1/N.

and

The. 'lmb voltage.b ac.'lOM the. ON and OFF

[(V'l + V c)2 + (N - 11 V~ ] 1/2V ON ('lmb) = ---------
N

pixe.lb a'le. give.n be.low :

(2.9)
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Table 2.10. Voltagu ae'lO&!.the pixel!. in APT
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Applied l!oltage

Row Column

Re!.ultant voltagu

aC'lOH the pixel!.

~v, (- V It 'I

Selected

~V , (- V I'I t

Sdected

0, 101

Un&dected

0, (OJ

Un&e.lected

-,

- ve' l~ Ve'

Selected

+ Ve' 1- Ve'

Un&dected

-Ve,I+Ve'

Selected

+ Ve' (- Ve'

Un&elected

V'I~vc' -{V t~Vc'

ON pad!.

V - V - IV - V'It c' 'l e

OFF pael&

+ Ve' - IVe'

Both ON and OFF pixel!.

-Ve' +IVcJ

Both ON and OFF pae.l&



V OFF Itm 61 = [ Ivt - V / • IN - 11 V ~N

The beieeLion 'laUo i.b a maxi.mum nO'l

r
2.54

(2.10)

(2.11)

The max.imum belec.t.ion 'latio .ib ab given below:

R =
U ON ('lmb)

UOFF ('lmb)

=

[ N 1/2 + 1 ] 1/2N'/2 - 1
(2.12)

A dc.-6'lee ope'lation i~ enbu'led by 'leve'lbing the poJa'l.ity 06 the 'lOW and

c.olumn voltageb b.imultaneoubltj .&1 a pe'liodic. manne'l [60,61] ab g.iven below:

W.ith.in the 'lOW-betec.t time; O'l

Both thebe bc.hemeb a'le bhown.in F.igb.2.16 and 2.11 'lebpec.tive.llj.

The -tmb voltageb ac.-tobb the ON' and OFF p.ixetb 60'l a _maximum belec.-

tion 'latio a'le ab given below :

VON Itm6} = [ 21N ~ N 112}

and

(2.13)

(2.14)

The OFF pixelb .in the dibplay a'le uwaUy b.iaoed to Uth .in o-tde'l to get

a good eont'labt 'latio. Henee, the voltage U c.an be de.te.'lmine.d .in te'lmbc.
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ROW WAVEFORMS WAVEFORM ACROSS THE PIXELS
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06 v th ab 60UOWb:

(2.15)

O'l:

(2.16)

The bupply voltage ib dete'lmined by the maximum voltage bwing in the

[ 4N ]1/2
V • (APT) = 2V = 2N1/2 V = -1/2 Vth

bUPP.(y 'l c 21 7 _ N )

12.71)

Thi.b teehnique ib 6i.mple and it p'lOVideb the maximum beleetlon 'latio. The

maximum inbtantaneoub voltage aC'lOM any pixel i~ IV + V ). But the maxi-'l C.

mum voltage bwing in the add'leMing wave60'lm ib 2V. It ib pOMible to'l

'leduce thib bwing to IV + V ) by ubing a technique p'lOpobed by Kawakami'l e

et a.l [62]. Thib teehnique with a low bUppiy voltage will be 'le6ened to

ab Imp'lOved Aft and Plebhko Technique !ZAPT) in thib Thebib.

6) Imp'lOved Aft and Plebhko Technique (IAPT)

The add'leMing waVe60'lmb 06 APT ean be modi6i.ed 6'lom the 60110wing

The .i.nbtantaneoub voltage ae'lOM any pixel doeb not e.xeeed IV'l + Vcl,

i.e., IN7/2 + 7J Ve; and

The voltage V ib eithe'l pObitive O'l negative at a given i.nbtant.'l
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The modiMed add'leMing waVenO'lmb On lAPT a'le obtained n'lOm that

06 APT ab given below:

The 'lOW and c.olumn voltageb a'le bhi6ted by +V when the pofa'l.itljc.

06 th e 'lOw-belec.t vo ltage ib poMUve; and

The 'lOW and c.o.tumn voltageb a'le bhi6ted by +V, i.e., N1/2 V'l c.

when the pola'lity On the 'low-belec.t voltage ib negative.

The above t'lanb60'lmaUon doeb not alte'l the 'lmb voltage ac.'lOM the pixelb

binc.e, both the 'lOW and c.olumn voltageb a'le bhi6ted by an equal amount.

Table 2.11 giveb the inbtantaneOUb voltageb ac.'WM the pixelb 601 va1ioub

c.ombinationb 06 'lOW and c.olumn voltageb. The voltageb within the pa'lenthebib

indude phabe 1eve1bal n01 a dc.-n1ee opemUon. The maximum voltage bwing

in the add'lebbing wave601mb 06 IAPT ib (N1/2 + l)V c.' Henc.e, an ,expubbion

n01 the bupply voftage ib dete1mined by bubbt.itutmg nO'l V n'lOm eqn. 2.16:c.

V bUPply (lAPT) = (N1/2 + 1)V c.

(N1/2 + 1)

[2(1 _ N-1/2)]1 /2 V th
(2.18)

The bupply voltage 1equi'lement 06 lAPT .ib c.ompa'led w.ith that 06 APT,

ab given below :

V
bupply (lAPT)

V bupply (APT)

=

N1/2 + 1

2N 1/2

(2.19 )

F1.om the above equation, it ib evident that IAPT 1.equiub a lowe'l bupply

voltage ab c.ompa'led to APT. FOt example lAPT 'lequ.itebonly 55% 06 the



Table 2.11 Vottage& aCto&h the. pixe.t& in lAPT
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Row

Applied voltage

Column

R e&ultant vottageh
ac. to&& ~he pixelh

IN 712+ 7JV , [01c

Selected

IN712+71Vc' [01

Selected

V [N712 V 1c.' c.
Unaetected

V [N712 V 1c. ' c

Un&etected

0, [(N 112+ 1)V 1c
Selected

2V c.' [IN 7/2 -71V c1

Unaelected

o , ClN1/2+7JVc.1

Se Ie cte.d

2Vc' [(N712_7JVcl

Un&etected

+IN1/2+ 7JVc' [-IN112.,.7JVcl

ON pixet&

+ IN 7/2 -7)V c.' [-IN 7/2 -71V c.1

OFF pixel&

.,. Vc. ' [- V c.1

ON and OFF pixeth

- V c.' [.,. Vc1

ON and OFF pixelt.

,
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Vr = N Ve

IAPT

+(Vr -VJ

n -- --Lr- +vc
---- ..~If- - -Ve

L-u __ m ----- - -(V,-V"

_...fL_ roo-- u-l..
Lm -.J m1r-

WAVEFORMS ACROSS THE PIXELS

Q ~+(Vr+Vc)

--- _U~ r _m •• +Ve--- -- U --- --- -Ve-{Vr +Vcl

1

COLUMN WAVEFORMS ••••••

. Jl-~~--~~~lrS------- - .. - --

l J

_r
Vc

o

1/2

N Ve

o

ROW WAVEFORMS

V2
IN +t)Vc

1/a
IN +11 Vc

1/2
IN -HIVe
Va

IN -1)Ve
2Ve

o

"

Fig. 2.18. Typkal add'leM{Ylg waVe60'lmb 06 IAPT •

... ,'-
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bupply voltage. 06 APT, whe.n N = 100.

Typieal . addte.Ming wave.60tmb 06 lA PT ate. bhown in Fig. 2.18. Both

the. 'lOW and eolumn wave.60tmb have. 60ut voltage. le.ve.lb. The. lAPT ib ube.d

to multiple.x almobt aU the. mat t{x LCDb available. at p'le.be.nt, binee. it 'le.qui

'le.b a lowe.t bupply voltage. ab eompa'le.d to APT. Thub, .it ib a ve.'lY popula'l

te.ehnique..

gJ Sw.i.teh.ing B.i.a.bVoltage. Add'le.bb.ing Te.ehn.iQue. ISBA TJ

The. SBA T [63] .ib babe.d on the. 60Uowing obbe.'lvat.i.onb .in APT and lAPT :-

The. APT, w.ithout the. pola'l.i.ty 'le.ve.'lMl 'le.qu.i'le.bonly two voltage. le.ve.lb

·60'l the. 'lOWand eolumn voltage.b; and

The. lAPT'le.qu.i'le.b 60u'l voltage. le.ve.lb .in the. 'lOWand eolumn wave.60'lmb,

b.inee. both 'COwand eolumn dtive.H a'le. eonne.ete.d to a eommon g'lOund;

but, the. 'lOW and eolumn d'l.ive.H have. only two voftage. le.ve.tb at a

g.ive.n . inbtant. In SBA T, a biab voltage. ib applie.d be.twe.e.n the. g'lOund

06 the. 'COW, eolumn d'l.iVe.H and the. c.ommon g'lOund be.twe.e.n the.m

ab bhown in Fig.2.19. Both the. 'lOW and eolumn d'live.H 'le.qui'le. only

. two voltage. le.ve.lb ab give.n be.low :

The. voltage. bwing in the. 'lOW d'live.tb ib Vt = N 1/2 Ve; and

The. voltage. bwing in the. eolumn .d'live.'lb .ib 2Ve•

The. b.iab voltage.b ate. bw.itehe.d ab give.n be.low :

The. 'lOW dtive.tb a'le. biabe.d to +Ve, while. the. eolumn d'live.'lb have.
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(aJ

ROW

DRIVERS

2-LEVELS

LC 0
COLUMN

DRIVERS

2-LEVELS.

EVEN ODD

WAVEFORM ACROSS
THE PIXELS.

L

'I

uV.i.1 ~ 1Vrlc I IVrlc

T

ROW - N

ROW - J

ROW -I

ROW- 1

ROW - 2

(bJ

fig.2.19. SBAr. a) Schematic, and (bl typical add'leMiYlg waVe60'lmb.
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no bia6 voltage. in one. n'lame.; and

The. column d'live.'l6 a'le. bia6e.d to (V - V ) = (NT/'l - 7J V , while.'l c - C

'lOW d'live.'l6 have. no bia6 voltage. in the. othe.'l n'lame..

The. 'le.6ultant wave.60'lm aC'1066 the. piX.e.l6 i6 the. Mme. a6 in the. ca6e. 06

APT and lAPT a6 6hown in Fig. 2. T 9. The. SBA T i6 att'lactive. n'lOm r)'lactical

point6 06 vie.W6inc.e. 6tanda'ld CMOS lC6 can be. u6e.d a& 'lOW and column

d'live'l&. Howeve'l, the nollowing point6 mu&t be. taken into con!>i.de'lation

while. u6ing SBA T 60'l d'living LCV6 :

The 6upply voltage 00'l the 'lOW and column d'live'l& a'le diooe'lent, i.e.,

V'l and 2Vc 'le6pe.ctive.ly; and

The data and the cont'lOl &ignal& mu&t be made compatible to the

d'live.'l log.ic. ci'lcui.t& by indudingp'lOpe.'l le.ve.l &hi6t& to the.6e. &ignal!>.

h) Two F'le.Quenctj Add'le.Ming Te.chniQue. (TFA T)

Thi6 technique i6 ba&ed on the dielect'li.c. 'lelaxation 00 a poutive N LC

mi.xtu'le. [59,64,65]. The. C'lOM-Ove'l o'le.que.ncy 6 &hould be. low, i.e., in the.c

'lange. 00 a 6e.w K Hz. A low O'lequency 6i.gnal applie.d to the ceil aUgn& the

mole.cule.& 60 that the diucto'l i& pa'la.lle.l to the. ele.ct'lic Me.ld. A high

O'lequency&ignal howeve'l align& the molecule!> pe'lpe.ndicula'l to the. elect'lic

Me.ld. He.nce., the. application 06 both low and high o.ore.que.ncy6igna1& to the.

ce.il inC'lea6e6 Vthe Con&equently, the. e06e.cti.ve &teepne.M 00 the elec.t'lO-optic

'le.llpOn&e.C.U'lVe.ill inc.'le.a&e.d. The. noUowing alte. 'lnative.& a'le. pOMible. in TF AT:

- Low o'le.que.ncy add'le.Ming wave.oO'lmll with a Mxed high O'le.que.ncy bia&; OR

- High n'le.que.ncy add'le.Ming wave.oO'lm6 with a 6i.xe.d low O'le.que.ncy bia&.
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The latte-t ib 60und to give bette-t -tebultb [661. A dibplay ubing TFA T hab

the 60llowing c.ha-tac.te.-tibtiC.b:

Good c.onttabt -tatio ;

Wide vie.wing angle; and

Fabt "ie.bponbe..

Yet, thib tec.hnique ib not popula'l due to the. 60Uowing d-tawbac.kb :

The. C.WM-ove.-t 6uque.nc.y 6c. ib highly be.nbitive to te.mpe-tatu-te.;

The ampli.tudeb 06 the. add'le.Ming wave.60'lmb a-te. high, le.ading to a

high oupply voltage;

The powe'l c.onbume.d ib high due. to the. high 6'le.quenc.y and the. .ta.'lge

ampUtudeb 06 the add'leMing wave60-tmb.

A pwtotype. on a dibplay babed on two 6-te.quenc.y add'leMing with tempe.'latu'le

c.ompenoation ib 'lepo'lted in li.te'latu'le [6'1].

iJ ,Ultimate Umitb 60'l 'lmb Mattix Add'leMinq

The. ultimate. li.mitb on the. value. 06 the. bele.c.tion -tat.io in a mat'ltx

dibplay with an 'lmb 'lebpOnbe wab analyzed by Kmetz and Neh'ling [68,691

and alba by M.G.Cla'lke.t al [10]. Fwm a ge.ne.'lali.zed de.6i.nition 06 multi-

plexing, the 60Uowing c.ondUbionb have been d'lawYl when a gene'lal patte'ln

ib to be. di6played :-

No othe.'l o'lthogonal btwbe. 6Unc.tionb, viz., binUboidb 06 di66e-tent 6-tequen

c.ie6 O'l Walbh 6unc.tion6 c.an lead to a bette'l pe'lnO'lmanc.e ab c.ompa'led

to the pulbed wave6o'lm 06 APT ;
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No add'leMing technique exibtb which imp-toveb the be.1ecUon {(Llio

bub6tant.i.aUy ab compa'led to that 06 APT, except when N ::2. A belec

tton 'latio 06 3 ib obtained by ubing a bpefial add'leMing techn.ique [68,69],

when N :: 2.

A compa'liwn 06 the addteMing techniqueb babed on the 'lmb 'lebpOnbe and

th'lebhoid cha'lac.te'libticb 06 LCVb .i6 given in Table 2.12. He'le N ib ubed
eq

to c.ompa'le the be.1ection tatio 06 the othe'l techniqueb with that 06 APT.

N giveb the numbe.'l 06 lineb to be multiplexed ubing APT in o'lde'l toeq

get the Mme belec.tion 'latio ab that 06 the technique being compa'led e11].

Hence, Neq i6 obtained by equating the 6eiec.tion 'latio IRJ 06 the tec.hnique

being compa'led to the btanda'ld exp'leMion 60'l the beiec.tion 'latio 06 APT

a6 given below :

[ N 1/2 +. 1
R - ~

- N 7/'2 - 1
eq

H enc.e, the technique

{2.201

with a lowe'l belec.Uon 'lat.io a6 c.ompa'led to APT ha6

a highe'l value 06 N eq •

jl Cont'labt lmpwvement ,
/

The betection 'latio i6 leM than 7.1, when the numbe'l 06 line6 rnuUi-

piexed ib mO'le than 700. The NLC mixtuteb available 60'l TNLCVb, at p'lebent

ate jUbt adequate 60'l multiplexing a maximum 06 1'l8 lineb only. Howe.ve 'C.,

thete a'le appUcation6, whetein the mat'lix 6ize ib tatget, viz., 200 x 480,

400 x 640, etc.. Although active mat'lix dibplaYb a'le witable 60'l wc.h appUc.a-

tionb, bimple'l techniqueb a'le adopted nO{ tec.hnic.al and ec.onomic. 'leaMnb.

AU the.be tec.hnique6 a'le babed on the 60Uowing Obbe'lVation :

The belec.tion 'latio ib independent 06 the numbe'l 06 c.olumn6 and dependb



~

TtLbte. 2.1 2.MtLt1:u Add'f.e.bb(,1g Te.chnique.b 60-t LCVb - A Compa.-tibOn

Add'f.e.bWtg t e.chnique.b 60'f. dibpta.ying ge.ne.'ttLtptLttunb

Pa.-ttLme.te.-t

Ha16-Se.te.ctOne.- thi'td Se.le.ctAU a.nd Ple.bhkolmp'f.ove.d Altswitching BilLll
Te.chnique.

Te.chnique.Te.chnique.a.nd Ple.bhkoVolta.ge. Add'f.e.-
[HST]

. [ OST 1[APT]Te.chnique.bMng Te.chnique.
[lAPT]

[SBAT]

Se.le.ction

Lowlnte. -tme.dilLte.HighHighHigh
-ttLtio IR!

Ne.q

[IN+ 1112l
[IN+4!l4lN

NN

Maximum numbe.-t

06 line.b multi-

2038 710710710

ple.x.e.d 60-t R; 1.1

Supply volttLge.

LowLow Highlnte.-tme.diate.lnte. 'f.me.diate.

Vuty cycle.

I/NI/N I/NIINIIN

Ra.tio 06 -tOw-

Ile.le.ct v oUa.ge.
I2 N1/Z
N 1/2NI/2to c.olumn

volttLge. Iv /V c.!

Comme.ntll

Olde.btNot poputa.'l.Ca.n be. ube.dMOllt popula.'tV'tive.'f. lCb 60't
Te.c.hnique.

now-o.-ddljll due. to itb towdi'f.e.c.tly d'tive.n
Not popuLa.'t

Ilupply volttLge.dill pla.y c.a.n be.
now a. dayll

ulle.d

I':).
0-
0--
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only on the numJe'[ 06 '[OWb mu£tiptexed.

Henc.e the btWc.tu'[e 06 the mat'[ix panel c.an be mod{Med to 'leduc.e the

numbe'[ 06 lineb multiplexed. Even though the numbe'l 06 c.olumnb {b inc.'[eabed,

buc.h a mod.i.fi{c.aUon ib jUbt.i.6.i.ed60'l the 6011ow{ng uawnb :

The c.ont'labt 'lat{o 06 a mat'[{x d{bplay 06 a gi.ven bhe c.an be imp'lOved;

The dibplay 6ab'lic.aaon {6 ea6Y a6 c.ompa'led to that 06 a.n trc.tive mat'li.x;

The Va'li.ou6 6t'lUc.tU'leb 06 LCV mat'lix. panelb, '[ebulUng {n a c.ont'labt

imp'[Ovement a'le c.ompa'[ed {n Table 2.13.

The bpUt bignal eie.c.twde type 06 mat'l{X panelb a.'le ubed even .en

d{bplaYb babed on SBE, {n 01£de1£to obt~n a good c.ont'labt 'laUO [18,29,31].

2.4.2 Vibplaying Rebttic.ted Pattetnb

aJ Bab{c.b 06 Rebt'l{c.ted Patte'ln Add'leM{nq

A mat'lix. dibplay {b ubualiy deb{gned to dibplay gene'lal pattem6. Henc.e,

d {b PObb{ble to d{bplay 2N d{66e'lent patte'lnb {n eac.h c.olumn, {n a mat'lix

wUh N '[OWb. Howeve'l the'le a'le beve'lal appUc.ationb, whe'le{n many 06

thebe 2N c.omb.inaUonb do not oc.C.U'l. F 01£ example, a po.inte'l type di6play

hab only one ~xel belec.ted {n the mat'lix at a g{ven .inbtant. Si.mila'lly, .in

an ObC.WObc.opedibplay, only one pixel pe'l c.olumn .i6 belec.ted when a bingle

wave60'lm i6 dibplayed. It ib pOMible to imp'love the bdec.Uon 'latio when

buc.h 'lebt'lic.ted patte'[nb a'le d{bplayed. The magndude 06 the c.olumn voltage

V c. need not be the !lame 60'[ ON and OFF phelb, when the numbe'l 06 belec.

ted pixelb {n a c.olumn ib a c.onblant. The be.lec.Uon 'latio ab a nunc.lion 06

,I



Table 2.13. St-tuc.twte 06 LCV mat'tix panel - A c.ompa'tibon

sttuc.tu'te 06 LCD mat'Cix panel

Pa'tamete't
Simple x-vSplit bignalVouble mat'tix typeQuad mat'tu typeDouble la.rje't mat'tix

type
ele.c.t'tode tljpe[72] (Fig. 2.20c.1[13] (Fig.2.20d)type [74] lFig.2.20el

lFig.2.20a)
[3] IFig.2.20b)

Numbe't 06 pixelb

NxMNxMNxMNxMNxMin the mat'tix

Numbe't 06 bc.a.nned

N
N
N NN

lineb
zx~Z""42 x ~

Numbe't 06 bignal

M
2 xM 2xM4xM2 xMlineb

Numbet 06 'tow

N
N

NNNd'tiveu ZZ""4

Numbe't 06 c.olumn

M
ZXM 2xM4xMZxMd'tiveu

Numbe't 06 linu
bc.a.nne.d6'COmthe

N
N NNN

point 06 view 06
2"2"42"

belec.tion 'ta.tio (R)
Comme.ntb

Standa'tdSimple. No c.omp'to-The pixel bize ibSame ab VoubleEquivalent two LCVS
mibe on the pixel

'teduc.ed. Requi'tebmat'tix panelbtac.ked on one anothe't.
bize. MObt popula.'t

metalization toPixel bize ibRequi'te.b thin gla.H
'teduc.e. the e.le.c.t'COde

bmalle't than tha.tpla.teb to avoid pa'ta-
'tebibtanc.e. Pixelb a'te 06 double mat'tix

lla.x.Not ec.onomic.al
dibpla.c.e.d and have a

60't la.'tge a'te.a dibpla.yb
zig-zag bt'tUC.tu'te. II';)0.-Oa
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Upper
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Fig.2.20e. schematic 06 " doubte ldl/« matti. tqpe Lev p".e1.
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numbe'l 06 ON pixelb in a column (nJ wab auived at b~ Kmetz and Neh'ling

[69]. The technique ib bimUa'l.to APT, except 60'l the choic.e 06 the c.olumn

voltage and ib 'le6ened to b~ them ab Non-Multiplexed. Add'leMing.

The choic.e 06 the column voltage Vc he'le, ib ab given below:

The amplitude 06 the column voltage ib V 1 and ib out-06-phabe with

the 'lOW- belect voltage, nO'l an ON pixel in the belected 'lOw.

The amplitude 06 the c.olumn voltage ib V0 andib in-phabe with the

'lOW-betect voltage, 60'l an OFF pixel in the belec.ted 'lOw. The 'lmb

voltageb acioM the ON and OFF pixelb in a mat'lix dibpla~ with N

VON ('lmbJ

and

'lOWb and n ON pixelb in eac.h column a'le ab given below :

[ ]V2• IV<+V/+ln-l~;+IN-n)V~
(2.211

(2.22)

T he optimum bdection 'latio ib

R :::

[ 1 N] 1!Z+ [n(N _ nJ (N _ nl/2 _ n 60'[ 0 < n ~ (N-1J
(2.23J

The belec.tion lCatio ab a 6unc.tion 06 n 601CvalCiOub valueb 06 N alCe bhown

in Fig. 2.21.

The column voltageb nO'lm~ized with lCebpec.t to the 1C0w-belect voltage

V'[ ate ab given below :
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VI
[n(N - nl (N - 1111/2 - n

=
V'l Nn

and
V

[n(N - nl IN - 11//2 + IN - nl
0

=
V'l NIN - nl

12.241

12.251

The 60llowing obbe'lVationb a'le impo'ltant ab they 60'lm the baMb 06 'lebt'lieted

pattel{n add1eMing :

The beleetion 'latio ib in6inite 60'l n = IN - 11 whieh .cb ube6ul 60'l beve'lal

6peeial-p.Hpobedi!lpla.y!l like pointeH [15,16J and O!lCWO!lCOpeb[11,18]

The beleetion 'latio ib a minimum 60'l n = IN - N 1/2,/2• The minimum·

value i!l the bame a!l that 06 APT.

The belection 'latio ib highe'l when mO!lt 06 the pixelb au ON ab eompa

l{ed to the cabe when mO!lt 06 the puelb al{e OFF.

The waVe60l{m6 that al{e dibplayed in an o!lciUo!lcope al{e mObtly bingle

valued 6unetionb 06 time. H enee only one pixel pe'l eolumn ib beleeted in

the matl{ix. TWQ addl{eMing teehniqueb wel{e developed ,by Shank!l et a.l [11,18]

60'l dibplaying a b.ingle wave60'lm, v.iz., Pulbe CoineMenee Teehn.ique and

P!leudo Random Teehnique, whieh al{e bl{ie611JdebCl{ibed below.

bl Pulbe Co.inddenee. Technique. (PCn

Thib add'leMing teehnique ea.n be t'le.a.ted ab a line-by-line add'leMing

technique (Fig. 2.221. The WWb a'le !lelected with a wW-!lelect voltage tV .'l

The eolumn voltage Ve ib ehoben depending on the data to be dibplayed
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in the beiected 'lOW ab given below :

vc = 0, 60'Can ON p.ae.i; and

vc = +V'C' i.e., the oame ab the 'Cow-belect voUage 60'C an OFF pixel.

The 'Cmb voltage aC'lOM an OFF pixel ib ze'lO, bince the 'lOW and co.tu.mn

wave60'Cmb a'Ce .identical .in thib cabe. An ON pixel getb a voltage V once
. 'C

when the conebpond<ng 'lOW <6 6e.iected. AU the ON p{xe.i6 .in a column get

a voUage V'C again, when the 'lOW cOHe6pond<ng to the OFF pixel <n that

column <6 belected. The 'Cmb voltage aC'lOM the ON pixelb <b ab given below:

V ON ltm,J "[ 2~~ J 112"
(2.26)

The belection 'Cat<o <b <n6{n<te, b<nce the OFF pixel!> have no voltage aC'COM

them. He'Ce, the belected pbcelb (.i.e., the po.int6 on the d.ibp.fayed wave60'Cm)

get a Lowe'C voltage a6 compa'Ced to the back.g'lOUYld (ON) pixelb. Hence

the 'CebuLt.ing dibpLay hab a negative cont'Cabt in the cabe 06 TN LCVb and

a pOb<t{ve cont'Cabt <n G H di6pLaY6. Thi6' technique hab an inhe'Cent dc-6'Cee

ope'Cation and doe6 not 'Cequ<'Cethe poLa'C<ty 'Ceve'Coal<n the add'CeMing wave.

6o'Cmb. Hence, btanda'Cd CMOS gateb can be ubed ab d'Cive'Cb. The bUPply

, voUage ib dete'CYn.ined ab 60UOWb:

(2.27J

(2.28)

The maximum voltage bw<ng <n the add'CeM<ng wave60'Cm <b V'C and hence,

1/2Vwpply = v'!' :: [ 4 Voat
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Although the !:JelecUon taUo i!:Jindependent 06 the mattix !:Jize., the wpply

voftage inc.tea!:Je!l with N, Le., the numbe'l 06 !lc.anned line!:J.

c) p!:Jeudo Random Tec.hnique [PRT]

The Pbeudo Random Binailj Sequence!:J IPRBS) ate u!:Jed he;ce to 'leduce.

the. !:Jupply voltage 'ie.quitement!:J. The!:Je !:Jequenc.e.!I c.an ea!lily be genemte.d

u!:Jing !:Jhi6t 'legi!:JteH with a li.nea'l oeedback. [791. The max.imum length 00

the!le !lequenc.e!:J i!l 12L - 1) when an L-bit !lhi6t tegi!:Jte'l i!:JUbed to genetate.

the.m. The 6eedbac/(}, tequited to genetate the max.imum length !:Jequenee

a'le. 'leadily available [80], One 06 the many intete!:Jting ptope.1.t.ie!l 06 the.

PRBS i!:J the natU'le 06 itb autocoHelaUon 6unction. The autoeoue.ia.Uon

i!:Junity 601. zeta de.lay and a con!ltant value. 60'l any othet de.ia.y. S.imUa'lly,

the di66etence between a PRBS and it!:J delayed vet!:J.ion!:Jhave the 60110wing

pwpettie!l :

The 'lmb value i!:J .independent 06 the numbet 06 delay!:J, except 601.

a ze to delay; and

The tm!:J vallie i!:Jzeta 601. a zew delay.

The PRBS cho!:Jen 601. thi!:J technique !:Jhould have a !:Jequence length- gteatet

than O'l e.qual to the numbe.'l 06 taW!I .in the mdtt.ix. Hete., the. PRBS and

it!:J delayed vet!:Jion!:Jate appUed a!:Jtaw wave60tm!:J 1Fig. 2.23). No two WW!:J

!:Jhou!d have the !:lame delay, !:JOthat the 'lOW!:Jate uniquely de.6.i.ned. The

column wave60tm i!:Jcho!:Jen wch that the ww and column wave60tm!:J ate

.ide.ntic.al a!l .in the c.a!le 06 peT. Th.i!:JenbU'le!:J a zeta voftage aCWM the.

OFF pixel!:J. The tm!:J voltage acto!:J!:J the ON pixel!:J i!:Ja!:J60flow!:J:



(2.29)

2.18

[ IL-ll]l/'l.VON('lmb) = 2L V2 - 1

whe.'le.in 2(L-1) giVe.b the. numbe.'l 06 anUc.omci.de.nc.e.b be.twe.e.n a PRBS and

itb de.laye.d ve.'lbion and V ib the. amplitude. 06 the. PUlbe.b, i.e.., the. bupply

voltage. in thib c.abe.. He.'le., the. bUpply voltage. ib inde.pe.nde.nt 06 N. An ON

pixe.lge.tb appwximate.ly an 'lmb voltage. 06 0.101 V. He.'le. again, the. be.le.c.tion

'laUo ib in6.(nite., binc.e. OFF pixe.lb ge.t no voltage. ac.-'lOMthe.m. The. bac.k

g'lOund (ON) pixe.lb ge.t a highe.'l voltage. ab c.ompa'le.d to the. be.le.c.ted IOFF)

pixe.Ib. T hib Ie.adb to a ne.gative c.ont'labt, .i.e.., b'light wave.60'lm againbt a da'lk

bac.kg'lOund in the. TN LCDb.

d) Mu.tti-t'lace. Vibplal/b

The.'le. a'le. p'lac.Uc.al app.ti.c.aUonb, viz., Log.ic. analyze.nand multi-t'lac.e.

obc..illobCOpe.b whe.'le.in mo'le. than one. wave.60'lm have. to be. dioplaye.d. The.

60Uowing app'lOac.he.b have. be.e.n p'lOpobe.d 60'l the. oame. :

By ubing the. mte. 'lleave.d ve.ttic.al e.le.c.t'lOde.b.A dual t'Lac.e. dibplay uMng

odd columnb 60'l one. wave.6o'lm and e.ve.n c.olumnb 601£ the. othe.'l hab

be.e.n demonbt-'late.d [3]. The. hO'l.lzontal 'le.601ution ib oac.'li6.{ce.d he.'le.,

without any c.omp'lOmibe. m the. be.le.ction 'latio.

By dibplaying the. wave.60'lmb one. aMe.'l the. othe.'l in a be.que.nUal manne'l,

i.e.., W wave.60'lmo to be. dioplaye.d be.ing multiple.xe.d in oe.que.nUal

6'lame. pe.'liodo l'le.6e.ne.d to ab SFM TJ. The. be.le.c.t.i.on'latio he.'le. ib

[W/IW -111'/2, without any compwmibe. in the. hO'lizontal 'le.60lution

[3].

The.oe. two te.c.hnique.b a'le. illubt'late.d in Fig. 2.24.
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e) Addl£eMinq Technique 601£Analoq VibplaYb

Vibplayb bimulaUng the mechanical moUon 06 a pointel£ ib 06 intel£ebt

.en bOme app~icaUonb. The pointel£ dibplay and the analog watch dibplay 6aU

undel£ thib categMIf. The pattel£nb to be dibplayed au l£ebtl£icted and

bOme addl£eMing techniqueb 601£ buch appUcationb, dibcuMed by Penz [361

al£e given below 601£the bake 06 completeneM :

A tec.hnique pwpobed by FuQumoto ubed a bqua.'le wave60'lm with

50% duty cycle and itb phabe bhi6ted vel£bionb to addl£eM an analog

watch dibplay ubing a pointe'l and ba'lgmph to dibplay the time. The

belection l£atio 06 thib technique ib (3) 1/2.

- A technique pwpobed by Gmebal et at

2.4.3 Pmc.tica.l ConMde.ta.tion&

to addl£eM an analog .

Impol£tant pl£actical abpectb common to both the gene'lai and l£ebtl£.icted

patte.i.n mat1£.ix LCVb a'le bl£.ie61Ycove 'led in thib bect.ion.

Each pixel in an LCV can be conb.i.del£ed ab a 10My val£.i.able c.apac.itol£

and the powel£ conbumed .in the dibplay .ib dependent on the 60llowing 6actol£b:

Vibplay al£ea i

Numbe'l 06 lineb multiplexed IN); and

F l£ame 6uquency lbc.a.nning l£ate).



It hab be.e.n bhown b~ Ma'lllb [81] that the. powe.'l conbUme.d in i:t la'lge. mat'la

IN x MJ ib pwpo'lUonal to N2 M. Howe.ve.'l, the. POWe.'l conbUme.d ib btill low

and wW not be a limiting 6acto'l 60'l LCVb. Whae. a blow bcanning 'late. ib

de.b.i.iable. to minimibe. the. po we.'l conbume.d, the. bcanning mubt be. 6aM e.nough

toe.nbU'le. the. 'lmb 'le.bponbe.and to avoid 6Ucke.'l.

bJ La'lqe.A'le.a Vibpl~

He.'le., the. dibt'libute.d 'le.bibtance. 06 the. e.le.ct'lode. patte.'lnb and the. dibt1i

bute.d capacitance. 06 the. pixe.lb 601m t'lanbmiM.ion l.ine.b. He.nce., the. h.ighe.'l

6'le.que.ncy compone.ntb in the. add'le.Ming wave.60'lmb ge.t atte.nuate.d ab they

have.l 6'lom one. e.nd to the. othe.'l e.nd 06 the. d.ibpl~. The. 'lmb vottage. aC'1066

the. pixe.lb in ide.ntical btate.b ION O'l OFF) a'le. not the. bame. he.'le.. Thib le.adb

to a b'l.ightne.M nonun.i60'lm.it~ 06 the. pi.xe.lb wh.ich can be. 'le.duce.d b~ de.c'le.a

bing the. 'le.bibtance. 06 the. e.le.ctwde. patte.1nb in the. dibpl~ [82].

c) Vie.le.ct'lic Re.laxation

2.81

lde.all~ the. N LC m.ixtu'le. ube.d .in the. d.ibpla~ bhould have. a h.igh 6c'

M that b. € ib a conbtant in the. 6'le.que.nc~ mnge. 06 ope.mUon. Howe.ve.'l,

.in p'lactice., the. cho.ice. 06 the. N LC matu'le. de.pe.ndb on a numbe.'l 06 conbMe.'la-

tionb, viz., te.mpe.mtu'le. 'lange., Uth' bte.e.pne.M 06 the. e.le.ctw-optic 'le.bponbe.,

optical anibot'lOp~, vibcoMt~, e.tc. He.nce., the. actual N LC Ynixtu'le. ube.d

may e.xhibit a blight dwop in the. value. 06 b. E: in the. 6'le.que.ncy 'lange. 06

ope.'laUon due. to low 6c 06 Mme. 06 the. .c.ompone.ntb .in the. mi.xtu'le.. The.

de.C'le.abe.06 6c with de.C'le.abe.in te.mpe.mtu'le. alM cont'l.i.bute.b to th.i.b pwble.m.
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The e66ec.tive -rmb voltage ac.'lOM a pixel ib a weighted bum 06 the 'lmb

voltageb 06 the 6'lequenc.y c.omponentb ac.'lOM the pixel. Thib takeb c.a'le

06 the va'liation 06 6. £ with 6'lequenc.y. H oweve'l the exac.t wave60'lm ac.'lOM

a pixel dependb on the

data to be dibplayed in the c.olumn ;

add'leMing waVe60'lmb ;

pola'lity 'leve'lbalbc.heme; and

bc.anning mte.

The e66ec.tive 'lmb voltage ac.'lOM a pixel ib lowe'l when the high 6'lequenc.y

c.omponentb a'le dominant ab c.ompa'led to the c.abe when they au weak.

The b'lightneM non-uni60'lmity 06 the pixelb a'libing due to the dielec.t'lic.

'lelaxation can be 'leduc.ed O'l eliminated by ubing add'leMing waVe60'lmb

'lebulting in p'ledominantly low 6'lequenc.y c.omponentb ac.Wbb the pixelb.

The e66ec.t 06 the pola'Lity 'Leveual bc.heme in APT 01£IAPT, on the pixel

b'Lightnebb nonuni60'Lmity hab been btudied [83] by ubing the 60110wing app'loa

c.heb :

Po.t.a.'lity 'Leve'lbal within the 'low-belec.t time intewal (Bipola'l Monopulbe

Shobe O'l BPMS), and

pola'lity 'leve'lbal at the end 06 eac.h c.yde. (Two Field Monopulbe Shobe

01£TFMS).

It hab been bhown that the c.ont'labt va'liation Ib'lightneM non-uni60'Lmity

06 p.ixelb) ib lebb in BPMS ab c.ompa'led to TFMS.

In anothe'L app'lOac.h to 'Leduc.e thi!! nonuni60'Lmity, a new method ib pwpobed
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[84]. The pola'litlj On the add'leMi.ng WaVenO'lmb a'le'leve'lbed aOte'l bc.anning

L * lineb, whe'le L* <N. The pofa'litlj bignal with a pe'l.iod 06 2L * .ib modulated w.i.th

anothe'l mac.'lO pofa'litlj b.ignal with a pofa'li.tlj 'leve'lbaf ante'l M* fi.neb. A dc.-n'lee

ope'lat.i.on .ib enbu'led onflj when A~*IL * .ib odd and M* .ib a feabt c.ommon mult.iple

06 Nand L*. The dominant n'lequenc.1j c.omponentb On thib tec.hn.ique a'le in

between thobe. 06 TF MS and BPMS. Thib te.c.hn.ique. 'ledUC.e.bthe. cont'laM va'l.iat.i.on

06 the d.ibpfalj. Pbue.do 'Random Bina'llj Se.que.nce.b (PRBSI have. be.e.n ube.d to

'leVe'lbe the. pola'litlj On the ad(1'leMing WaVen0'lmb. Thib impwveb the b'lightnebb

uni60'lmitlj 06 pixe.fb in dibplatjb add'lebbe.d with IAPT [85].

2.4.4 Techniqueb 60t teducing the lead count

In a mat'li.x di.bpfalj with N1 exte'lnal connectionb, the maximum numbe'l

06 p.ixelb that can be add'le.Med ib IN 1212. An unconvent.i.onal inte'lconnection

bcheme whe.'le.in No..le.adb can add'le.M N1(Nr 7112 pixelb ib pObbible. in LCVb.

An add'le.Ming te.chnique. 60'l a di.bplalj with thib inte.'lconnection bche.me. wab

p1Opobed blj Kme.tz [34], and ib bhown in Fig. 2.25. The pixelb a'le add'leMed

bequenti.aUIj one. a6te.'l the. othe'l. The.1e .ib no d.ibt.inct.ion between the 1OW-

add'lebb and cofumn-bignal fineb. The 'leduction in the lead count ib achieved

with a bubbtant.ial bac'li6.(ce .in the. be.lection 'lat.io. Howeve.'l they a'le ube.6ul

nO'l d.ibplalj.ing 'lebt'licted patte'lnb ab in the cabe On pointe'l and ba'lg'laph d.ib

pfaljb. The Muftile.vd add'lebbing te.chn.ique p'lOpobed blj Shen [35] nO'l LCVb

ach.ie.veb a good 'leduction in the fead count. He'le a numbe'l 06 dibplalj pane.lb

a'le Macked one. be.hind the. othe.'l. Va'liOub a'le.ab .in each pand ib act.ivate.d

elec.t'licaUIj ub.ing the 'C.egula'C.mat'lix tljpe. 06 electwdeb. Optical modulation

ib ube.d in the thi.'C.d di.me.nbi.on. The. dibplalj ib pa'ltitione.d .into la'lge a'le.ab

m the 6i.'lbt panel and onllj one On them ib belected at a gi.ve.n inbtant 06 time..
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The bubbequeYlt paYletb betect bmalte'l a'leab w.i.th .i.YlC'leaMYlg'lebOlut.i.oYl. The

belected pixel .i.b the iYlte'lbectiOYl 06 the belected pixdb iYl aU the paYlelb.

F.i.g. 2.26 .i.Uubt'lateb th.i.b techYl.i.que n01 a 16 x 16 mat'l.i.x d.i.bptalj w.i.th two paYle.lb

btacked OYle behiYld the othe'l. The Ylumbe'l 06 exte'lnal connectiOYlb ib teduced

b.i.YlCethe h.i.gh 'lebOtut.i.OYletect 'I'. ode patte'lYlb be.long.i.ng to d.i.66etent auab w.i.th

tebpect to the atea belected .i.n the 6hbt panel ate intetcoYlnected. Thtebhold

cha'lacte'l.i.bt.i.cb .i.bnot ebbeYlt.i.al he'le b.i.nce -

optical modulation ib ubed iYl the th.i.td dimenbioYl; aYld

ateab in each panel can be belected with in6{nite belecUon tat.i.o uMng

d.i.'lect dt.i.v.i.Ylg.

The dtawbackb 06 thib technique ate ab given below :

Requ.i.teb LCV with a 6aol tebpOYlbe tim'e, bince the pixelb (aYld not WWb)

ate belected bequeYltialllj to mmimhe the Ylumbe'l 06 extetnal connectiOYlb.

A bubbtant.ia.l teduction in the t'lanbmiMion, bince a numbet 06 mat'lix

paYldb ate btacked OYle behind the othet 60'1'. the optical modulatioYl.

A bpecial cabe 06 thib technique 60'1'.a batgmph dibplay wab alba pwpobed

by Shen [36] ubing two dibplaYb btacked OYlebehind the othet.

2.5 NEED FOR NEW AVDRESSING TECHNIQUES

A Ylumbet 06 add'leMing techniqueb 60'l muftiplexing mat'lix dibplaYb

w.ith aYl 'lmb 'lebpOYlbe we'le 'leviewed in the p'leViOUb bectioYl. It ib c.lea'l n'lOm

thib that the lAPT ib buitable 60'1'.dibplayiYlg genetal pattetYlb. Thib technique

ib ubed iYl almobt aU the mat'lix LCVb becaube 06 the 60110wiYlg 'leabOYlb :-

The belection tatio ib maximum 60'l dibplaying geYletal pattetYlb; aYld
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Howe.ve.'l the. IAPT hab the. 60iiowing Umitationb :-

The. buppiy voltage. 'le.quhe.me.nt inC'le.abe.bwith N ;

The. b'lightne.M uni60'lmity 06 the. pixe.lb ib pOO'l; and

The. add'le.bbing wave.60'lmb a'le. comple.x, with 60u'l voltage. ie.ve.lb m

the. 'LOW and column wave.60-'lmb.

Conude.'l.ing the. gww.ing de.mand 601£ LCDb in a wide. 'lange. 06 applicat.ioYlb,

it would be. ube.6ui .i6 the. add'le.Ming te.chn.ique. hab the. 60Uowing cha'lacte.'libticb:-

Supply voltage. -'le.qui'le.me.nt lowe.'l than that 06 IAPT ;

Imp'lOve.d b'lightne.M uni60'lmity 06 the. piXe.lb ; and

Simple. add'le.Ming wave.60'lmb.

Thib cailb 601£ the. de.ve.lopme.nt 06 ne.w add'le.M.ing te.chnique.b 601£d.ibplay.ing

ge.ne.'lal patte.'lnb on LCDb.

In the. cabe. 06 'le.bt'l.icte.d patte.'lYl dibplaYb it ib be.e.n that the. PRT 'le.vie.we.d

.{Y/ the. p'le.ViOUb be.ction ib we.ll baite.d 601£ dibplay.ing a bingle. wave.60'lm in

an obc.iUobCOpe. dibpiay. H OWe.Ve.1it hab the. 60Uow.ing l.imitation 60'l dibplaying

multiple. wave.60'lmb; ab in a muit.i.channe.l ObCWObCOpe., logic btate. analyze.'l,

e.tc. :

The. belec.t.i.on 'lalio 01£the. hO'lizontal 'lebolut.i.on ib 'le.duce.d.

Th.i.b aga.i.n c.aih 601£ the. deve.lopment 06 ne.w add'le.bb.i.ng te.c.hniqueb with

highe.'l be.lec.t.i.on 'latio, w.i.thout any c.omp'lOmibe. in the. hO'lizontal 'lebo.tution
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00"l dibplay.ing mult.iple waVe00"lmb.

W.ith thebe oactO"lb i.n vi.ew, bOme new add"leMi.ng techni.queb a"le pwpobed

00"l ube w.ith LCV mat"li.x di.bplaybi.n the next chapte"l. An analYb.ib 06 thebe.

techni.queb, thei."l me"li.tb, deme"li.tb and a cOmpa"li.Mn 00 thei."l pe."lOo"lmance

i.n 'lelation to the conventional techni.queb a'le albD p'lebented .in the !lame

chapte'l •.


