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1. INTROVUCTION

Uquid C'Cy~tal V.i~play~ ILCV~) c.on~Utute. an imp0'1.tant daM 06 de.c.t'1.onic.

d.i~play~ and a'Ce. ext'l.e.me.ly popula'1. .in a w.ide '1.ange. 06 app£.(c.ation~. Low-

voltage. ope.'Cat.ion, low-powe'C c.onwmpt.ion, low-c.o~t, good '1.e.adab.il.ity .{Yl

high amb.ie.nt lighUng c.ondi.t.ion and .Mat-pane.l c.onbt'Wc.t.ion a'1.e. bOme 06

the..i'l.majo'1. advantage.~. A typic.al LCV c.onb.ibtb 06 an aHay 06 d.ibpiay eieme.ntb

0'1. p.ic.tu'1.e eReme.ntb (p.ixd~J O'1.ga.n.i~e.d.in the. 60'1.m 06 an x-v ma.hi.x ab

.in the. c.a~e 06 many Mat-pand di~plaYb. The aHange.me.nt 06 p.iXdb .in the.be.

mat'1..ix d.ibpiayb .ib b.im.i£a'1.to that 06 me.mo'Cy de.me.ntb .in a two d.ime.nb.ional

me.mo'l.!J aHay. The p.ixe.l~ .in a mat'1.ix d{~play bhouid have. non-.tine.a.'1.de.c.t'l.O­

optic. c.ha'1.ac.te.'1..ibt.iC.b60'1. be..ing be.ie.c.tive.iy ac.tivate.d 0'1. a.dd'le.Me.d. T h.ib .ib

known a~ mat'C.ix add'l.e.Ming and ib albo 'I.e.6e.He.d to ab multiplexing. The.

e.Ue.c.tive.ne.M 06 LCVb in p'Cac.t.ic.al applic.aUonb de.pe.nclb on the. e6Mc.i.e.nc.y

06 the. pixe.l a~ an e.le.c.tw-o pt.ic. t 'Can~duc.e.'1. and the addte.bWrg tec.hnique

employe.d.

Conb.ideJlabie e.660'l.t~ have. been d.i'Cec.ted towa'l.db the developme.nt

06 new e.le.c.tw-opt.ic. e.66e.c.t~ and ne.w Uqu.id c.>cy~ta.lmate.'l..ia.l~ .in o'l.de.'1.to­

impwve the di.play oh",,,deti,tio,. The Twi,ted Nem"tiO~ NLCV,)
and the. Supe'l.-twi.~te.d B.i'Ce.6'1..inge.rtc.e.E66e.c.t Vibplayb (SBE Vibpiayb) a'l.e. the.

two mObt popula'l. LCVb available today. Some c.ommon 6eatu'l.eb 'I.eievant

to the. addle.b6,(ng 06 the~e. d,(~playb ale give.n be.low:-

Non-line.a'C e.ie.c.t'lo-optic. c.ha'lac.te.'li~UC.b;

Long 'lebpOnbe t.ime~ I~100 mS) ;

Ide.ntic.al 'lebponbe. to both pObiUve and negat.ive. e.le.c.t'l..ic.fi.ieidb.
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Henc.e TN LCVb aYld SBE V.ibpfatjb exhibd tmb 'tebpOYlbe to the appUed elec.t't.ic.

Meld.

Some .i.mpol£tant c.haw.c.tel£ibt.l.c.b de.bi'table. in addl£eM.ing tec.hniqueb 601£ thebe

LCV6 a'l.e :

Good dibc.timinati.on between the ON and OFF pixeh; thib enbU'leb

a good c.ont'tabt 'lat.io in the dibplatj. The be.lec.tion 'latio de6{ned ab

the 'latio 06 the 'lmb voltage ac.'lOM an ON pixel to that ac.'lOM an

OFF pixel ib a meabU'le 06 thib dibc.'limiYlation and henc.e it bhould be

high.

VC-1tee ope.-tation; the dibplatj bhould be add'leMed w.rth ac. Meldb

to eYlbU1e itb lOYlg"U6e.

tow amplitude 0' addtuhing wave60tmb;" thib 'leduc.e.b the bl.l.ppltj voltage.

'ieq'J.i'iem 2.Ylt 06 the dl£.ive elec.t'lOnic.t..

Good pixel-btigfltnebb uni6otmittj;

06 the dit.play.

thib eYlbU'leb tLYl.i601£nlappeal£aYlc.e

fabe o~ implementation; thit. 'ledUc.e6 ha'l.dw:He c.omplexity aYld C.Obt.

The 6oUowing two app'lOac.heb a'le p06bible 6o'l a.dd'lebbing mat'lix LCVb :-

Vitec.t -multiptexing, whe'lein the int'l.inbic. non-linea'l c.ha'lac.te.'libtic.b

06 the pixdb a'le exploited; thi6 .ib ubed in many appUc.ati.onb .induding

c.ompute.'l te'lmiYlt:tlb, in whic.h the in60'lmatioYl to be. dibplayed ib bilevel

(the pixdb a'l.e eithe.'l ON O'l OFF).

Active-malta addtubing, whe.'lein an ext'linbic. nonliYlect'l elemeYlt ib

.inc.o'lpo'lated in a6bOc.iatioYl with eac.h pixel; thib ib c.ommoYlly ubed i.n
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bmaU-a.'lea TV dibptaYb, in which g'ley bcate and coiou'l a'le impo'ltant

in addition to having a la'lge numbe'l 06 pixei-b.

The Vi'lect-Multiptexed dibpla.y-b a'le poputa'l becaube 06 thei'l -bimple

con-btmcUon, high yield and low CO-bt. The development 06 add'leMing tech­

nique-b 60'l thebe di-bplaY-b with 'lm-b 'lebpOn-be ha6 the'le60'le att'lacted con6i­

de'labte attention in 'lecent yea'lb. Some imp0'ltant development6 in di'lect­

multiple~ing a'le given below :-

AnatYbib 06 one-thi'ld 6e.lection technique (3: 1 multiptexing) by Kmetz

\19(3). The6election 'laUo 06 thi6 technique i6 optimum oniy when the

numbe'( '06 Une6 multiplexed (N) i6 4 and ib not a maximum 6o'l any

othe'l value 06 N. Howe·ve 'l the bupply voltage tequi.tement 06 thi6 ':

technique i6 independent 06 N.

AnalY6i-b 06 6canning Umitati.on6 06 LCV-b by Aft and Pie-bhfw (1914).

Thi6 ib an impo'ltant mi.lebtone in the add'leMing 06 LCVb. The be1ection

'latio 06 thib technique (APT) ib a maximum 60'l aU va.1ue6 06 N, but

the bUppty voltage te.qui.tement inc tea6eb with N. A dc-6'lee ope'lation

ib enbu'led by a pe'liodic 'leve'l6a.1 06 the pola'lity 06 the 'lOW and column

add'leMing wave.60'lmb which 6u'lthe.'l inCte.a6e6 the 6upply voltage 'lequi'le­

m2.nt. Vi6plaY6 add'le.Med u6ing APT have a pOO'l b'lightneM uni60'lmity

06 pixe.lb whe.n N ib la'lge..

New add'le.Ming waVe60'lm6 p'lOpobe.d by Kawakami, Nagae and Kane.ko

(1916) a'le. an impwve.me.nt ove.'l th06e. 06 APT. Thi-b te.chnique. wit!

be. 'le6e.ne.d to ab Imp'lOved Aft and Ple6hko Technique (ZAPT). It achieve6

the. Mm2. -be.le.ction 'lat.<o a-b in APT and a dc-6tee. ope.'lation. But, lAPT
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'le..qui'le..b a lowe..'l bupply voltage.. thaYl APT. The.. b'lightYle..M uYlioo'lmity

06 pixe..lb iYl dibplaYb add'le..Me..d ubiYlg IA PT ib albo pOO'l whe..Yl N ib la'lge...

A bpe..c..ial add'le..M.iYlg te..c.hYl.ique.. w.ith .iYl6{Yl.ite..be..le..c.t.ioYl'lat.io de..ve..lope..d

60'l dibplayiYlg bingle.. wave..60'!m iYl Obc.iUObC.Ope..b by ShaYlkb,H aUaYld

and Hughe..b 119181. IYl thib te..c.hYlique.., 'le..6e..'l'le..dto ab Pulbe.. CoiYlc..ide..Ylc.e..

Te..c.hYl.ique..(PCTI, OYlly OYle..pixe..l ib be..le..c.te..dION O'L OFF) .iyl e..ac.h c.olumYl.

AYla/Ybib 06 ultimate.. Umitb' 60'L mahix add'le..MiYlg 06'lmb 'le..bpoYldiYlg

LCDb by Ne..h'l.iYlg aYld Kme..tz (J919). It hab be..e..YlbhowYl that the.. be..le..c.t.ioYl

'latio c.aYlYlot be.. imp'lOve..d bigYl.iMc.aYltly ab c.ompa'le..d to APT by aYlY

add'le..MiYlg te..c.hYlique.., e..xc.e..pt whe..Yl N = 2. The.. be..le..C.t.iOYl'lat.io ab a

6uYlc.tioYl 06 the.. Ylumbe..'l 06 be..le..c.te..dpixe..lb iYl a c.o/umYl l'le..bt'lic.te..d pa.tte..'lYlb)

hab albo be..e..YlaYlalUbe..d by the..m.

Ge..Yle..'lal the..o'lY 06 mat'lix add'le..MiYlg 06 ·LCVb by Ch'lk, ShaYlkb aYld

Patte.'lbOYl (1919). The. biYla'lY add'le.bb.iYlg wave.60'lmb, pOMibWty 06 dibplay­

.iYlg g'le.y bc.ale. arId 'le..bt'lic.te.d patte.. 'I:Ylb iYl LCVb have. be..e.Yl aYlalYbe.d.·

Add'le.bbiYlg me..thod 60'l NOYl-multiple.xe.d liquid C.'lYbtal obC..iUobC.0pe..

dibplay p'lOpobe..d by ShaYlkb aYld HoUaYld (J 9191. Thib te..c.hYlique. c.aYl

be. ube.d to dibplay a biYlgle.. wave..60'lm with aYl in6iYlite.. be..le..c.tioYl 'latio

aYld w.iU be. 'le..6e..ne..d to ab Pbe..udo Random Te.c.hYlique.. (PRT). The.. bupply

voltage. 'le.qui'le..me..nt 06 thib te..c.hn.ique.. ib a/moM iYlde.pe..Ylde..nt 06 N.

Sw.itc.hiYlg biab voltage.. te..c.hYlique.. 60'l mult.iple..x.iYlg LCVb p'lOpobe..d by

LO'lte...ije.. {19811. T hib te.c.hYlique.. ube..d b.imple. LCV d'live.'lb with b.ile..ve..l

output aYld ye..t ac.hie..ve.b the.. 'le..bultb 06 IAPT. Thihiudwa'le.. c.omple..xity

06 thib te..c.hYlique.. .ib lowe..'l thaYl that 06 IAPT.
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New pola'l.ity 'leve 1£bat hc.heme 601£ IA PT p'lOpohed by ldeno, H 0'1..ik..i'1..i

and A'lai (1983). Thih imp'lOVeb the b1.ightneM uni601mitlj 06 pixdb in

d.ihptaYh add'leMed u~ing IAPT.

Inveht.i.gaUon 06 c.ont'laht va1.iat.i.onh .in high-level mult.iplexed TN LCVb

blj Hugheh (1986). The e66e.c.th 06 die.le.c.t1ic. 1e..taxation in liquid c.1ljhtal

mate1iath and the pola1ity 1eve.'lhal hc.hemeh on the bughtneM uni601mitlj

06 pixe.lh have be.e.nanalljhed in dibplayb add1eMed uMng IAPT.

Complex pola1ity hequenc.eh p'lOpobed by MaUebe t 1981). Thib tec.hnique

again imp'lOve.b the. b'lightne.M uni601mitlj 06 pixe.lb .in dibplaljb add1eMe.d

ubing IAPT.

In the p'lehent btate 06 the a'lt, the IAPT ib widely ubed to add1eM

mahix LCVb 601 dibplaying ge.ne'lal patte.1nb. Although it ib weii known

that the belec.t.i.on tatio c.annot be imp'lOved ove 1 that 06 APT 0'1. IA PT,

the1e ib hC.OPe.'Ot imptove.menh in the. 60Uowing a1eab : -

Reduc.ing buppllj voltage 1equi1ement ;

Obtaining good btightneM un.i601m{ty 06 pixelb ; and

Lowe'ling 06 ha1dwa'Le. c.omplexitlj 06 the d1ive1h.

In addition to thib, the. bele.c.t.i.on mtio 06 anlj new add'leMing tec.hnique

Ithould not be ltigniMc.antly lowet than that 06 APT 01 lAPT, ebpec..i.aUy when

N ib la1ge.

In the c.abe 06 dihplaying 'leht'l.ic.ted patte lYIh the PR T p'lOpobed by

Shankb and HoUand 119(9) ib witable. 601 dibplaying a bingle wave.601m with
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an .inMnite. MI..le..cUon 'l.at.io. Only one..-pixe..l .ib be..le..cte..d.in e..ach column he..'l.e...

Howe.ve'l. the hO'l.izontat :leMtution O'l. the be..lect.ion 'l.atio ib cOmp'l.Omibed

.i6 mulUple.. wave..60'l.mb a'l.e.. to be.. dibplayed. The..'l.e...ib t-cope. oOt mc{(~.aAing

the belecUon 'l.aUo even when the numbe..'l. 06 bele..cted p.ixelb in each column

.ib mo'l.e.. than one.. Any ne..w add'1.e..Ming te..chnique. with a highe.'l. be..le..cUon

'l.at.io and without any compwmibe.. in the hO'l.,{zontat 'l.eMluUon wUl, be ube..6ul

60'l. d.ibpiaying mult.iple.. wave.60'l.mb .in ObdUObCOpe..band L og.ic AnatYZe..'l.b.

The.'l.e..60'l.e..,an in-depth btudy 06 the add'l.e..Ming techniqueb 60'l. 'l.mb

'l.e..bponding LCVb wab unde..'1.take..nin o'l.de.'l.to ach.ie.ve. the..be..goalb. Ne..w add'l.e..­

Ming techn.ique..b de..ve..lope..dab a 'l.e..bult 06 thib btudy 60'l.m the.. main theme..

06 thib the.b.ib.

The.. the.bib ib divide..d into 6.(ve. chapte.. 'l.6. F oUowing thib i.nt'l.oduc.tion,

Chapte'l. Z giveb a b'l..ie6 .intwducUonto the liquid C'l.ybtalb, impo'l.tant ele..ct'l.O­

optic e.66e..ctb .in Uquid c'l.Ybtalb, mat'l.ix dibplayb and mult.iple..x.ing. Th.ib .ib

60llowe..d by a bU'l.Ve..y06 Va'l.ioub add'lebb.ing te..chn.iqueb 60'l. mulUplex.ing LCVb

w.ith 'l.mb 'le..bponbe.. The.. chapte. 'l. e.ndb with a dibcuMion on the. ne.e.d 60'l ne..w

add'le..M-ing technique..b 60'l. 'l.mb 'lebpond.ing LCVb.

Some ne..w add'le..bb.ing te..chnique..b 60'l mulUple..xing mat'l.ix LCVb w.ith

'lmb 'le.bponbe. a'le.. p'l.Opobe..d.in Chapte'l 3. wh.ile.. the.. conve..nUonal add'l.e.M.ing

te..chn.iqueb a'l.e..babe.d on line-by-Une. bcann.ing, the.. B.ina'lY Add'le..bb.ing Te..chn.ique.

(BAn, Hyb'lid Add'l.e..Ming Te..chn.ique. (HAT) and the.. Imp'l.Ove..d H~(b'l.id Add'le­

M.ing Technique (IH ATI p'le..be..nte..dhe..'le.. a'le. the.. outcome. 06 t-e.le.ctmg mo-te.

than one. line. at a g.ive.n'.inbtant 06 t.ime... The.. IHAT-S3 and IHAT-S4 d.ibcuMed

a'le bpe..dal cabeb 06 IHA T. Ha'ldwa'le. 'le..duct.ioY! .in the. column d'live..'l.6 ib

ach.ie.ve.d he.'le.. by 'l.e..bt'l..icting the. numbe'l 06 voltage. le..velb .iY! the.. column



7.1

wave.601mb. AU the.be. te.ehnique.b a1e. bu.itable. 601 dibplay.ing ge.ne.1al patte.1nb.

A eompa1.ibon 06 the.be. te.ehn.ique.b wdh IA PT .ib p1e.be.nte.d ne.xt to bhow the.

ube.6ulne.M 06 the.be. te.ehn.ique.b 601 add1e.M.ing mat1.ix LCVb. The. Re.bt1.iete.d

Patte.1n Add1e.M.ing Te.ehn.ique.b IRPA nl p'rOpobe.d ne.xt a1e. babe.d on the.

l.ine.-by-l.ine. be.le.et.ion 06 'rOWb.in a mat'r..£xd.ibplay. HOWe.Ve.1the. eolumn b.ignalb

a1e. d.i66e.1e.nt 6'rOm thObe. 06 the. eonve.nt.ional te.ehnique.b IAPT and IAPT).

Apa1t 6'rOm ade.ta.ile.d analYb.io 06 aU the.be. ne.w add1e.M.ing te.ehn.ique.o a

eompa1.ibon 06 the..i1 pe.1001manee. w.ith that 06 the. eonve.nt.ional te.ehn.ique.b

.ib albO tne.oe.nte.d .in th.ib ehapte.1.

The. p1aet.ieal .imple.me.ntat.ion 06 the.be. ne.w add1e.M.ing te.ehn.ique.o .io

eove.1e.d .in Chapte.1 4. The..i1 pe.1001manee. .ib e.valuate.d e.xpe.1.ime.ntaUy and

the. 1e.bultb a1e. eo mpaud with the. the.out.i.c.al analyb.io g.ive.n .in the. P1e.V.iouo

ehapte.1.

In the. eonduding Chapte.1, the. .impUeat.iono 06 the.oe. ne.w add1e.M.ing

te.ehn.ique.b on LCV te.ehnology a1e. 1e.v.ie.we.dand the. oc.ope. 601 oU1the.1 w01k.

.ib b1.ie.61yd.i.bC.UMe.d.

A 6e.w Appe.nd.iee.b g.iv.ing bome. .imp01tant phYb.ieal pa'lame.te.'lb 06 Uqu.i.d

e 1Ybtalb and LCVb 60Uow Re.M're.nee..!>. Some. de.1.i.vat.ionb 1e.late.d to the.

te.ehn.ique.b d.ibeuMe.d .in Chapte.'l 3 and the. authO'l'b pubtieat.ionb on the. ne.w

add'le.bb.ing te.ehn.iqLLe.bp'le.be.nte.d .in the. the.b.ib au aIM 'le.pwduee.d .in the.

Appe.nd.iee.b.


