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5.1

5. CONCLUSION

Seve1a! new add1eMing teehniqueb 601 dibplaying both gene1al and

tebt1ieted patte1nb have been plopoAed, analylled and compated with the

convenUonal teehniqueb in Chaptet 3. The metit!, and deme-titA 06 thebe

new techni.queb have albO been dibeuMed in the Mme Chapte1., P1aeliea!

i.mplementation 06 thebe teehniqueb and the expetimental veti6ication

0& the. te.llultll have been cove1ed .in Chapte1 4. A C1.tt.iCa! evaluat.ion 06

thebe new teehniqueb, thei1 .impaet on the Meld 06 mat1.ix add1eMing and

bcope 601 6u1the'C.wo'C.ka'C.ed.ibcuBed .in th.ib Chaptet.

5.1. A CRITICAL EVALUATION

The new add1eMing teehniqueb pwpobed in thib theb.ib ate daBiQ{ed

.into two categ01.ieb ab given below :

The BAT, HAT, IHAT, IHAT-S3 and IHAT-S46a!! unde.-t the

eateg01Y 06 teehniqueb 601 dibplaljing genetal pattetnA ;

The RPA T-NC and RPA T-PC 6a!l unde.-t the categ01Y 06

teehn.iqueb 601 diAplaljing teAtticted pattetnA •

The pe100'C.mance 00 thebe teehn.iqueb .ib e1it.ieally evaluated in the

ooUowing beeUonb. It ib dea1 owm thib evaluaUon that the new teehniqueb

'lepo'lted in thi!> Thebib 60'C.dibpfay.ing genemf abweU ab 'lebt1icted patte'1.nb

ptovide bette'l 'lewltb .in beve1al a'leab, ab eompated to the conventional

teehni.queb.

5.1.1. Te.chniquu 60t ViAplaying Gene.tal PattunA

In the analYb.ib 06 the ultimate Umitb 00'l mat1ix add1eMing 06 tmb
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'lebponding LCVb ddplaying gene'lal patte.'lnb, Ne.h'ling and Kme.tz (1919)

have. bhown that the. be.le.c.tion 'laUo c.annot be. imp'lOve.d bigniMc.antly a6

c.ompa'le.d to that 06 APT O'l ZAPT. He.l'lc.e. the 60llowing obje.c.tive.b we.'le

be.t 60'lth in the. deve.lopme.nt 06 ne.w add'le.Hing te.c.hnique.b :

Re.ducing bupply voltage. 'lequi'le.ment6 ;

Obtaining good b'lightne.H uni60'lmity 06 pixe.l6 ;

Lowe.'ling 06 ha'ldwa'le. c.omple.xity 06 d'live.H •

The le.veR 06 buc.c.eM in eac.h 06 thebe a'le.ab ib bumma'lized below :

All the new add'le.Hing te.c.hnique.b 'le.po'lte.d in thi6 The.bib 'le.qui'le.

a lowe.'l 6upply voltage. a6 c.ompa..'le.d to that 06 IAPT 60'l we.ll de.6{ne.d

'langeb 06 N •

The. b'lightne.H uni60'lmity 06 the. pixe.l6 i6 be.tte.'l in di6playb add'le.Me.d

u6ing BAT, HAT, IHAT and ZHAT-S4 than in IAPT.

Only a pa'ltial 6uc.C.e.M ha6 bee.n achie. ved in the. 'le.duction 06 the.

ha'ldwa'le complexity 06 the ne.w add'le.Ming technique.b. The. BAT

'le.qui'le.6 le.M ha'ldwa'le. a6 c.ompa'le.d to both IAPT and APT. The. ha'ld

wa'le comple.xity 06 HAT ib c.ompa'lable.to that 06 APT and i6 blightly

lowe.'l than that 06 IAPT. The. ha'ldwa'le. comple.xity 06 IHA T inC'lea6e.6

with 1. Although the ha'ldwa'le. c.omple.xity 06 IHA T-S3 and IHA T-S4

i6 highe'l than that 06 APT, it i6 lowe.'l than that 06 ZHATo

The. 6e.ie.ction 'laUo 06 the. ne.w add'leMing te.c.hnique.6 i6 compa'le.d

with that 06 APT (ab well a6 IAPTl a6 give.n below:

Lowe. 'l in BAT; thi6 .(6 not a 6e. 'liOu6 p'lOble.m bince. BAT i6

6uitaMe. only 60'l smait N.
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L owe1f. in HAT; thib tec.hnique ib buitable only 601f.SBE VibplaYb.

Same in IHA T .

Lown in lHAT-S3 and lHAT-S4; a valu.e c.lobe to that

06 APT ib pOMible.

The belec.tion 1f.at-lob and the bUpply voltage 1f.equhementb 06 thebe

new tec.hniqueb a1f.e c.ompa1f.ed with that 06 the c.onvent.ional tec.hniqueb

in Fig.5.1 and Fig.5.2 'lebpectivellj.

5.1.2 Techniqueb 'at Vibplaqing Rebtticted Pattetnb

The main objective in the CiBe 06 techniqueb 601f.dibplaying 'lebt'lic

ted patte'lnb wab to develop new add'leMing techniqueb wUh a highe'l beIec.~

tion 'latio than the c.onventional oneb when the numbe'l 06 belected pixelb

in a c.olumn ib g'le.ate'l than 1. The level 06 bUc.c.eM achieved in thib a'lea

ib bUmma'libed below: -

Both the RPA T-NC and RPA T-PC p'lOpobed in Chapte'l 3 a'le buitable

60'l dibplay.i.ng mou than one belec.ted pixel pe1f.column.

Both thebe techniqueb have a belection 'latio independent 06 the

mat'l.i.x b.lze.

The belection 'laUo 06 thebe techn.i.queb howeve'l dependb on the numbe'l

06 belected pixelb (W) in each column.

The beIec.tion 1f.at.i.o06 RPAT-Ne .i.bhighe'l than that 06 FMT (-reviewed

.in Chapte1f. 2) 601f.all the valueb 06 W. The bele.ction 1.atio ib in6.i.nite

when W = 1 ab in the c.abe 06 peT and PRT heviewed in ehapte1f. 2).

The belect.iim 1.atio 06 RPAT-PC ib highe1. than that 06 FMT, when
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W .i.b g1e.ate.1 than 2. But the. be.le.c.t.i.on1atio 06 RPA T-pc ib lowe.1

than that On RPAT-NC.

The. be.le.c.tion 'lat.i.ob 06 RPATo a'le. c.ompa'led with that 06 FMT m

F.i.g.5.3.

5.2 IMPACT

on the. 6ie.id 06 mat1.i.x add'le.bb.i.ng 06 1mb 1e.bponding LCVb ib ab 60UOWb :

5.2.1. Technique/, 'Ot Vi&p.taying Genetal Pattetn&

The. lHAT p'lOpobed in th.ib Thebib ib a genetlttized 60tm 06 APT. The.

numbe.1 06 be.lec.te.d 'lOWb ib a va 'liable. 1 in lH A T ab c.ompa'led to 7 in the.

c.abe 06 APT. Even the othe'l new tec.hni.queb p'lOpobed in th.ib theb.ib c.an

be. t1e.ate.d ab bpe.c.ial cabe.b 06 lHA T ab g.ive.n be.low :

BA T; when 1 = N and the numb~'l 06 voltage le.velb .in the

c.olumn wave.601m In J ib 1e.bt1ic.te.d to 2 •
c.,

HAT; when f ib odd and n = 2 •c

lHAT-S3; when lib even and n = 3 •c.

IHAT -S4; whe.n lib odd and n = 4 •
c.

The Mf{ent 6eatU'leb 06 the new add'leMing tec.hnique.b and the. pOMible. a1e.ab

06 appUc.ationb a1e. outline.d be.low :

aJ BAT

.The. &apply voltage. 1e.qui'le.me.nt decte4&e& with the. inc1e.abe. in N;

thib ib in c.ont1abt to lAPT whe.1ein the &apply voltage. inCtea&eb

with N whe.n N ib g'le.ate.1 than 3 •
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The ha1dwa1e complex.ity .i!> low !>.ince oniy two voltage levelb a-'le

1equ.i1ed 601 both ww and column add'C.eoo.ingwave60'C.mb.

The BAT .i.b weU bu.ited 60'C.appl.i.cat.i.onb Uke calculato-'l d.i.&play&lwhe1e.in a

b.i.ngle -'lOW 06 alphanume1.i.c. .i.n601mat.i.on .i& to be d.i.&playedJ becaube 06 the

60Uow.i.ng advantage& :

The low bupply voltage 1equhement make& .it ideal 601 ube

.in p01table dev.i.ce& •

The ww and column d'l.i.veH can ea&Uy be .integ1ated .into

the c.alc.ulato'C. c.hip due to the bina1Y natu'C.e 06 add'C.eMing

wave60'C.mb.

The 60Uowing d1awbackb 06 BAT a1e not be'C..i.oub&.inc.e N .ib bmaU .in th.ib

appi.i.cat.ion :

Lowe1 belect.i.on 1atio 06 BAT a& c.ompa1ed to IAPT.

H.i.ghe'C.time intewalb to c.omplete a cycle ab c.ompa'C.ed to IAPT.

bJ HAT

The HAT ex.tend& BAT 601 h.ighet value& 06 N ;

It ib an .inte'C.med.iate btep between the BAT and IHA T.

HA T can be u&ed QO'l SBE d.i.&play!>QM. the 6oUowing 'leabOn!>:

Low bUPP{y voltage 1equ.i1ement 601 l.i.m.ited value& 06 N ;

Good b'C..ightneM uni60'lm.ity 06 p.i.xel& ;

The lowe1 &elect.i.on 'lat.i.o 06 HAT a& compa1ed to IAPT i& not a be'C..lOU&p-wbfem

he'C.e, c.on&i.de'l.i.ng the &teep elec.tw-optic c.ha1ac.te1.i.&t.i.c.&06 -SBE V.ibplay&.
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IHA T .ib well bu.ited 60'l add'leM.ing mat'l.ix di.bplayb w.ith a la'lge numbe'l

06 add'leM Uneb IN) ab in the cabe 06 compute'l te'lm.inalb babed on both

TN LCVb and SBE V.ibplaYb 60'l the 60llow.ing, 'leabOM : -

Conb.ide'lable 'leduct.ion .in the bupply voltage 'lequhement

ebpec{aUy 60'l la'lge valueb 06 N. IAppUcat.ionb Uke

pO'ltab.ie lap-top compute'lb) ;

Good b'li.ghtnebb uni.60'lmity 06 pixelb ;

No cOmp'lOmibe .in the belection 'lat.ioab compa'led to IAPT •

Howeve'l the above advantageb a'le obta.ined at the cObt 06 the 60Uowi.ng

6acto'lb :-

InC'leabe .in the ha1dwa'le complex.ity 06 column. d'l.ive'lb ;

InC'leabe in the numbe'l 06 t.ime inte'lva1b .in a cycle; though the

6Ucke'l can be eliminated by choob.ing a p'lOpe'l bcanning bequence.

d) IHAT-S3

Supply voltage 'lequ.i'lement .ib m.in.imum 60'l N lebb than 12 ;

The bupply voltage 'lequi'lement .ib lowe'l than that 06 IA PT 60'l a

w.ide. 'lange 06 N ;
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The. hal[dwal[e. c.omple.xity ib lowe.1[ ab c.ompal[e.d to lHAT;

Thib I[e.duc.t.ion ib ac.hie.ve.d without a bigniMc.ant Mc.l[i6{c.e. in the.

be.le.c.tion I[at.io and the. low bupply voltage. I[e.qu.il[e.me.nt 06 lH A T

Good 6l[ightne.M uY/iool[mdy 00 Pix(Ub •

The. lHA T-S3 .ib we.U buite.d 601[ dibplaying matl[ix dibplaYb with a

lal[ge. numbH 06 addl[e.M Une.b and whe.n t.ib c.hobe.n to be. e.ve.n. Th.ib te.c.hn.ique.

c.an be. ube.d 6M TN LCDb and SBE DibplaYb .in vie.w 06 the. advantage.b give.n

above.. H owe.ve.1[ the. numbe.1[ 06 time. .inte.l[valb to c.omple.te. a c.yde. .ib bame.

ab that 06 lHA T.

e.) lHA T-S4

The. baUe.nt ne.atUI[e.b and the. appUc.ationb 06 lHA T-S4 a1e. the. bame.

ab thobe. 06 lHAT-S3. The. lHAT-S4 .ib ube.d whe.n the. value. 06 1 ib c.hobe.n

to be. odd.

5.2.2. Te.c.hnique.b ~Ot Vi.&ptaqing Re.&hic.te.d Patte.tn&

The. RPAT-NC pl[opobe.d in th.ib the.bib ib a genewhed 601m 06 PCT

1e.vie.wed .in Chapte. 1 2. The. numbe.1 06 be.le.c.te.dpixe.lb .in a c.olumn IW) .ib

a val[iable. in RPAT-NC ab c.ompal[e.d to 7 in the. c.abe.06 PCT. The. RPAT-NC

l[e.dUc.e.bto PCT whe.n W = 7. WhUe. the. RPAT -NC 1e.bultb .in a negat.ive. c.ont1abt

mode. (b1ight be.le.c.te.d pixelb aga.inbt da'lk bac.kg'lOund pixe.lb) in TN LCD b,

the. RPA T-PC pwpobe.d in thib the.bib 1e.WUb in a pOb.iUve c.ont1abt mode.

with dal[k be.le.c.te.dpixe.lb againbt IHight bac.kg'lOund pixe.lb.

The. baUe.nt 6e.atUI[e.b06 the.be. te.c.hnique.b a'le. give.n be.low :-
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Selec.tion 1a.t.io .i&.independent 06 the mat1.ix bi.ze and jUbt dependb

on the numbe1 06 belec.ted p.ixelb .in eac.h c.olumn.

Su.i.table 601 dibplayb whe1e.in the numbe1 06 belected p.ixelb .in eac.h

column .ib bmaU ab c.ompa1ed to the numbe1. 06 add1eM Uneb .in the

mat1ix.

PObbibWty 06 add.ition 06 dummy 10Wb to allow 601 a va1.iat.ion in

the numbe1 06 belec.ted pixelb .in eac.h c.olumn.

The pObbibleappUc.ationb 06 thebe tec.hn.iqueb a1e dibc.ubbed below : -

a} RPAT-NC

Th.ib tec.hnique .i.b well bu.ited 601 LCDb babed on Guebt-H obte66ec.t

binc.e the 1e&UU.ing dibplay hab a pObitive c.ont1abt. HoweVe1 they c.an alba

be ubed 601 add1eM.ing TN LCDb, but th.i.b 1ewltb .in a negative c.ont1abt.

The pObbible applic.ationb a1e multit'lac.e ObC.WObc.opeband logic. ana

lyze16;whe'lein waVe60'lmb whic.h a'le mObt.l.y bingle valued 6unc.tionb 06

time a1e to Qe d.ibplayed. Limited aiphanume1ic .in601mation .in the 601m

06 legendb c.an aiM be d.ibplayed .in wc.happUc.at.ionb ab dibc.ubbed in Chapte1 3.

Thib tec.hnique can alba be ubed .in appUc.at.ionb Uke video gameb, whe1e.in

the numbe'l 06 belec.ted pixelb in eac.h c.olumn .ib bmall ab c.ompa1ed to the

mat'lix b-Cze.

bl RPAT-PC

Thib tec.hnique ib wet! bu.ited 601 TNLCDb binc.e the 1ebulting dibplay

hab a pObit.ive cont1a!Jt although the !Jelection 1atio i!J towe1 .than that 06

RPA T-NC. The pOMible applic.at.ion!J a1e the !lame ab tho be 06 RPA T-NC.
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The.bUPP£Y vo£tage. 'Le.qui-te.me.nt 06 both RPAT-NC and RPAT-PC

inC'Le.abe.bwith N. Thib may be. a limiting 6acto'L on the. bize. 06 the. mat'Lix.

A ne.w pa'lame.te.'L, i.e.., N hab be.e.n int'lOduce.d Ibe.e., e.qn. 2.20 and
e.q

Appe.ndix 6.c) and ib ube.d th'r.oughout thib' the.bil.>. Thib pa'Lame.te.1. il.>we.ll

wite.d 60'l compa'ling the. be.le.ction 'latio 06 the. ne.w add'le.Ming te.c.hnique.b

1601£dibplaying both ge.ne.'lal and 'le.bt'licte.d patte.'lYlb) with the. maximum be..£e.C

tion 'laUO pOb6ible., i.e.~, the. !.>e.le.cUon'laUo 06 APT and IAPT.

In lIummaty, thi!.>I.>tudyon ne.w add'Le.bbing te.chnique.!.>60'l 'lm!.>'le.l.>ponding

LCVb hab le.d to a be.tte.t unde.ntanding 06 the. pwble.m 06 mat'Lix add'le.bbing.

Ge.ne.falized addte.Ming te.chnique.lI. 601£ dibplaying both ge.ne.'Lal and 'Le.l.>t'Lic

te.d patte.'lnb have. be.e.n de.ve.lope.d ab a 'le.w£t 06 thib btudy. A numbe.'l 06

ne.w add'le.Ming te.chnique.b pwpobe.d in thib the.!.>ibwill e.nhance. the. u!.>e.06

'lmb -te.l.>ponding LCVb in a wide. 'lange. 06 applicationb. Avai.£ab.i.lity 06 the.be.

te.c.hnique.1.>hab inC'le.a.be.d the. choic.e. and hade.-066 pOMible. in the. !.>e.£e.ction

06 an add'le.Ming te.chnique. to wit a give.n application.

5.3 SCOPE FOR FURTHER STUVY

Stability ana.t.y!.>ib06 the. ne.w add'le.bbing te.chnique.b, i.e.., the. e.66e.ct

06 va'Liationb in the. 'le.lative. amplitude.1.>06 the. voltage. le.ve.lb in the. add'Le.Ming

wave.60'Lmb on the. be.le.c.tion 'latio will be. 06 p'lactical inte.'le.bt.

In the. c.abe. 06 dibplaying ge.ne.'lalpatte.'lnb ne.w add'le.M.i.ng te.chnique.1.>

with lowe.'l ha'ldwa'le. comple.xity than the. conve.ntional te.chnique. ib de.l.>i'lab£e..

N e.w add'le.Ming te.chnique. with lowe.'L bupply voltage. 'le.qui'le.me.nt ib de.bi'la.ble.

in the. c.abe. 06 dibPfa.ying 'le.l.>t'lic.te.dpatte.'lnb.
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Alth'ough the. e.£e.ct1o-optic cha'lacte.'l~bt~C.b 'le.qu~'le.d 60'l mu£tip£e.x.~ng

and g'le.y bcale. a'r.e. .in d.i.'r.e.c.tcon6l<ct a.b d.ibcUMe.d e.a'r.l.ie.'l, ne.w add'r.e.M~ng

te.chn~que..b 60'l d~bp£ay~ng g'le.y .bCa£e.wUf e.nhance the U&e. 06 'lmb 'le.bpond~ng

LCVb.

The ne.w add'leM~ng techniqueb pwpobe.d .in thi.b the.!J~b have. be.en

ube.d to add'leM TN LCVb. Impleme.ntat~on 06 the 6ame w~th SBE V~bp£aYb

wUf be 06 p'lacti.caf i.mpo'r.tanc.e..
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APPENDIX 1

PHYSICAL PROPERTIES OF LIQUID CRYSTAL MATERIALS

The phybical pwpe 1.tieb that a1.e 1.elevant to the dibplay appl.icat.ionb

The tempe1.atu1.e at which a Uquid c1.ybtal mate1.ial. meftb-6wm oolid.
phabe into liquid c1.YbtaUine phabe ib caUed the melting point. The dea1.ing

point ib the tempe1.atu1.e at which the l.iquid c1.yotal mate1.ial becomeb

an iootwpic liquid. Both the melting and ciea1.ing pointb have well de6i.ned

valueb 601. a bingle bubbtance. In the cabe 00 mixtU1.eb, the t1.anbit.ion doeb

not neCebba1..ily take place at one tem'pe1.atu'le, but ove'l a bmaU'lange

00 tempemtU1.eb. The melting and c.lea'ling pointb dete'lmine the ubeoul

'lange OVe'l which the dibplay can ope'late batibnactcni.£y. The meUing point

'langeb 6wm -30°C to ooe and the dea1.ing point mngeb 6wm 60°C to

120° e in the Uquid c'lYbtai mixtU'leb ubenui nO'l dibpiaYb.

The motecula1. o1.de1.ing in liquid c1.Ybtalb, 1.ep1.ebented by the dhecto'l

ib time ave'laged at a macwbcopic level. The o'lde'l pa'lamete'l ib denined ab,

{Al.]}

whe1.e e ib the inbtantaneoub deviation 00 the long molecula1. axib o1.om

the p1.e6ened ave1.age di'lection and COb2 e ib the time ave'lage On co/e.

The value 06 Scan 1.ange owm 0.3 to 0.7 and it deC1.eabeb with the inc1.eabe

in tempe 1.atU'le.



c.] Vie.le.e..t'lie..Anibot'lOPlf

The. liquid e..'lYbtal mate.'lialb have. two die.le.e..t'lie..e..onbtantb, one. along

the. di'le.e..tion 06 the. di'le.e..to'l 1£11) and the. othe.'l pe.'lpe.ndie..ula'lto the. di'le.e..tion

06 the. di'le.e..to'l I~. The. die.le.e..t'lie..aniootwpy 16 d ib de.6ine.d ab the. di66e.'le.ne..e.

be.twe.en the two didee.t'lie.. e.onMant6, .i..e.,

A2

6£ = IAl.2)

The. mate.'f.ialb with pObitive. die.le.e..t'lie..aniootwpy IEII > El! o'lie.nt the.mbe.lve.b

with the.i'l long axe.b pa'laUe.l to the exte. 'lnal elee..t'lie. 6ield, whe'leab thobe.

with ne.gative. die.le.e..t'lie..aniootwpy I Ell < E l! align the.mbe.lve.b with the.

d.i.'lee..to'l pe 'lpendie.ula'l .to the. elee..t'lie. Meld ab 6hown in Fig. A 1.1. Tlfpie..al

value. 06 die.ke.t'lic.. aniootwpy 'lange.ll 6wm + 15 to -5.

d] Vie.lee..t'lie.. Re.laxation

In e..ompoundb with pola'l molee..uleb, Ell dependb on the 6'lequene..lf 06

the. appHe.d 6ie.ld up to about 10 MH z while E1 ill inde.pe.nde.nt 06 the 6'leque.ne..y

in thib 'lange. The value 06 E II de.e..'lea,be6with thi6 ine.'leabe in 6'lequene..lf and

ib k.nown ab die.le.e..tlie..'le.laxation. In oome. mate.'lialll, the. die.le.e..t'lic..anibotwpy

e..hangeb it6 6ign 6'lom a pObitive value to a negative value and the 6'lequene..lf

at whie..h Ell ib e.qual to E11i..e.., f::. E = 0) ill e..aUe.dab the. e..Wbb-OVe.'l6'le.que.ne..y6e..

IFig.Al.2). The. value. 06 6e.. 'langeb 6wm a 6e.w kHz to a 6e.w MHz. The.

e..Wbb-OVe.'l 6'le.que.nc.y ib highly be.nbitive. to te.mpe.'latu'le. and typic.ally it

doubleb 60'l eve.'llf 1DoC 'libe in te.mpe.'latu'le.. The e..hange. in bign 06 /:,E hab

be.e.n e.xploite.d 60'l add1e.bbing mat'lix di6plaYb le.ading to a two 6'le.que.nc.y

add'le66ing tec.hnique. whie.h i6 di6e.uMed in Se.e..ti.on2.4.1.
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e.] Optic.al Aniwt'lOptf

In a we.U-afigne.d ne.matic. f.iquid c. 'lY-6tal 6Hm, the. opt.i.c.al ax.i.-6c.o.i.nc..i.de.-6

w.i.th the. dhe.c.to'l. Ught t'laveWng pa'lallel to the opt.i.c.alax.i.-6 i-6 -6ubjec.ted

to one. 'le.O'lac.t.i.ve..i.nde.x only, i1'le.6pe.c.t.i.ve 00 the d.i.'le.c.tion 06 the. pola'l.ization

06 the inc..i.dent beam -6.i.nc.e the d.i.6t'l.ibut.i.on.i-6 c.i'lcula'lly -6ymme.t'lic about

the. d.i.'le.cto'l. Ught t'lave.U.i.ng pe.'lpe.ndicula'l to the. d.i.'le.cto'l, howe.ve.'l, .i.-6

wbje.cted to two 'le.6'lact.i.ve..i.nd.i.ce-6,v.i.z., n" 60'l th'e l.i.ght w.ith pola'l.izat.i.on

ve.c.tO'l pa'laUe.l to the. dhe.c.to'l, and n10o'l the. l.i.ght whobe. pola'l.izat.i.on ve.c.tO'l

ib pe.'lpendicula'l to the. di'le.cto'l. Thib phenomenon i-6 I<.nownab double. 'leO'lac.-

tion O'l bhe.6 'linge.nc.e..

The. optical an.i.bOt'lOpyt:.n .i.bde.6.i.ne.dab

(A1.3)

Typ.i.cal value.b 00 t:.n 'lange. o'lOm 0.05 to 0.25. In the twibte.d nemat.i.c. d.i.-6plaY6

the cont'la-6t and vie.wing angle. can be. .i.mp'lOved by a. p'lOpe.'l c.hoice. 06

the. value. 06 t:.n.

6] Elabt.i.c. Conbtantb

The.'le. a'le. th'le.e. c.U'lvatu'le. e.fabtic c.onbtant-6 de.6ine.d 60'l a ne.matic.

liquid c'lybtaf. The.y a'le., -6play (1<.17" twi-6t (I<.U) and bend (1<.33'e.la6tic.

conbtant-6 c.o'l'le.-6ponding to the. th'le.e. pOMibfe. d.i.btO'ltionb 06 the. di'le.c.tO'l

con6.i.gu'lat.i.on. Th.i.b ib -6hown .i.n Fig.Al.3. Typical value-6 60'l the.-6e. elabt.i.c.

con-6tant-6 a'le 00 the. O'lde.'l 06 10-11 N. The. magnitude.b and the. 'lat.i.O-6

06 the.6e e.la-6tic conotant-6 dete.'lm.i.ne the. ex.act natu'le. 06 the e.lect'lO-optic.

'le.bpOn-6e.00 the. fiquid c.'ly-6tal mate. 'lialb. The. ele.ct 'lO-optic. 'le.bponbe. ib -6te.e.pe.'l

w.i.th lowe. 'l value-6 06 1<.33/1<."in the. c.a6e 06 tw.i.6ted ne.mat.i.c e66ec.t, whic.h

ib he.lpoul in the..i.'lmat'lix. add'le.bbing.
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g] V ibCObitl!

F ive. v~!Jco!Ji.ty coe.66ici.e.nt!J a'le. 'le.qui'le.d to de.!.lC'libe.the. Mow pwpe.'ltie.o

06 ne.matic Uquid c'lYbtalb. Howeve'l, 60'l p'lactical appUcationb, it ib a

common p'lacti.ce. to me.aou'le. the. vioeo!.li.ty by uoing the. otanda'ld te.ehnique.o

applicable. to iwt '£0pic liquidb. Typical valueb 06 the. Vibcobdy nO'l liquid

c'lyotal mate.'lial!.l 'lange. 6wm a 6e.w to a 6e.w hund'le.d mPao. The. 'le.oponoe.

time Ibwi.tch ON and bwitch OFF timeb) 06 the liquid c'lYbtal mate'lial ib

p'lOpo'ltiona£ to vi!.lcooily and he.nce. low vi!.lco!.lity mixtu'le.!.l ll.'le p'le6e.ned

60'l the dibpiay!.l. The Vibcobity inC'leabeb with dec'leabe in tempe'latu'le,

making the. di!.lp£a.y appe.a'l !.lluggi!.lh at low tempe'latu'le.!.l. Thi!.l Umit!.l the

low tempe'latu'le ope'lat.i.on 06 the dibplay.

h] Pitch

C hole.bte.'lic liquid c'ly!.lta£!.l have. a hefical ot'lUctU'le with eithe.'l 'light

handed O'l leM-handed 'lotat.i.on. The pitch ib de6ined ab the dibtance 'lequi'led

60'l the di'lecto'l tounde'lgo one 6ull 'lotation 1360°), and it 'lange!.l 6'lOm

0.5 mm to ~. 16 the wavelength 06 the incident light matcheb the pitch,

then thh light i!.l !.lelectively 'le61ected back. Nematic mate'lialb doped with

opticaUy active mate'liaib alw exhibit choie!.lte'lic bt'luctU'lC. The pitch

06 ouch mate'lialb dependb on the amount 06 doping and the tempe'latu'le

06 ope'lation. The latte'l depende.nce hab been exploited in making tempe'la

tU'le indicatO'lb. Liquid c'lyotal mate'lialb ubed in bupe'l-twibted bi'le6'lingence

e66ect a'le doped with choleote'lic mate'lialb to achieve a twibt angle g'leate'l

than 90° (typicaUy 180° - 270°). Simila'l doping in twioted nematic dibplaYb

avoid the 'leve'lbe twibt. Sometimeb, the liquid c'lYbtai mixtU'leb a'le doped

with both 'light-handed and le6t-handed choleote'licb to compenoate 60'l

the va'liation 06 th'lebhold voltage 06 the elect'lO-optic 'lebpOnbe with tempe-



'latU'le •

.en the c.hoic.e 06 a ou.itable Uquid c.'l1j6tal m.ixtU'le 60'l a given appHc.aUon.

A5

At rJ'le6ent, nemat.ic. mate'lia16 a'le being u6ed in majo'l.ittj 06

c.ompa'le.d to 6me.c.t.ic.6O'l c.hole.6te.'lic.6.

appUc.ation6,

Fig. A1.1
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APPENVIX 2

IMPORT ANT PARAMETERS OF LCVb

Some impO'l.tant pa1ame.te.'Cb 06 LCD6 ~He. b'lie.61Youtlin:z.d be.low [19].

The th1e6hoM voltage .i6 the voltage below wh.ich 6u'lthe'l change .in a

de.6.(ned opt.i.cal cha'lac.te'l.i.6t.i.c .i6 'le.lat.i.ve.ly bmaU, Le., the voltage. at wh.i.ch

thz. luminance ha6 changed by 10% 06 thl!. max.i.mum change. .i.n lum.i.nance

IVth O'l V10).

b] Satu'lat.i.on Voltage. IV Mt)

The batU'laUoYl voltage. .ib the voltage above wh.i.ch 6u'lthe.'l change

.(Yl a de.Mne.d opUc.al c.ha'lac.te'l.i.bt.i.c..i.6 'lelat.i.vely bm.l.U, .i..e.•, the. voltage.

at wh.ic.h the lum.i.nanc.e ha6 changed by 90% 06 the ma.x.i.mum change .in

lum.inance IV Mt O'l V90)·

c.] Sha'lpneM Pa'lame.te1 ( y)

The. 6ha'lpne.M pa'lame.te.'l .i6 deMned a6

y 100 1%) IA2.1J

whe'le. V50 .i.bthe voltage. at wh.i.ch the.lum.i.nanc.e hab c.hange.d by 50% 06 the

maximum change. in luminance.

d] Cont'la6t 'la.t.i.o

The 'la.t.i.o 06 the luminance 06 a. Uq:.1id c.'ly6tal de.vic.e .in the b'light
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!ltate. to that .in the. da'lk !ltate. unde.'l cond<t.i.on!l 06 con!ltant <Uumi.nat.i.on.

The. 'le.!lpon!le t<me.!lw<th 'le6e.'le.nce. to the. exc..i.tat.i.ona'le &hown .in

F.ig. A2.1.

Delay time Itd' .i!l the t<m(: .inte.'lva16e.twe.e.n the. in.it.iation On an .input

put!!e t'la<n and the luminance. 'le.achi.ng d~ 10% a!l !lhown in the. fi.{gu1e.

RiAe time It J .i!l the. time <nte'lvai dU'ling which . the luminanc.e i!lt
changing 6'lOm .it!! 10% -ON value to .it!l 90% -ON va.1ue.a!l bhown .in the
6.{gu1e..

Tutn-on-time It ) <!l the !lum 06 td and t •on 'l

Tutn-066 delay time (tdl066J) i!l the t.im(~ .inte'lVal between the e.nd On

the .input putbe t'la.in and the lum<nance 1eaching 90 % -ON value.

U!luaUIj .it i!l negUg.ibie c.omp~Hed with the 6aU t.ime.

Fall time It,) i!l the t.ime .inte-wal dU'ling wh.ich the lum.inance .i!l changing

6'lOm it!l 90% -ON value to it!l 10% -ON value a!l bhown in the. n.igu1e..

DARK (OFF)

I
I

90~ ON - - - ~ -~ ~ - - - - -1- t- - -lWU< ION) - - - - --1--~--------

LICHT (0)1) 90::0~-- -=--_T- --+ -,-! ~ _

WIUTE·ON·BLACK 1 I I ILUMlNANCE I I~PLAY I
I I I I

-+ 1. I
I I I

~ tr,- ~ !r l.-I I t.- -*/ ,..1
-+t\t,..... I 11,"'" I

-to.r ~ toff j4-

I
LICHT (OFF) IO!. ON ~ _

BLA.CK- ON. WlUTE lLlJMD'{A~C£Ql;SP1.AY

EXC1TAnON

F.ig.AZ.7. Rebponbe timeb 06 LCVb
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APPENDIX 3

SOME IDENTITIES IN IHAT ANAL YSIS

3.a P'l006 06 the. Me.ntity V (l-iJ = -Vi ill give.n be.iow :

The. e.xp'le.Mion 60'l V. 6'lOm e.qn. (3.H) ill all give.n be.low
.{

V. = (t £ 2iJ V (A3.1J.{ 0

The. 60Uowing e.xrJ'le.6bion b, obtaine.d by 6ub6t.i.tuting (l- {j in plac.e. 06 i

V = (l-2(l-iJ) V (A3.2JIl-i.) 1 0
-1+2iVO

(A3.3J= l

(1-2iJ

(A3.4)Vli-i.J = - -t- V0

F'lOm e.qn. (A3.1) .it i6 de.a'l that the. RHS 06 the. above. e.quation i6

-V .• He.nce.,
.{

= - V .
.{

3.6 P'1006 06 the. 60Uowing ide.ntity i6 give.n be.low :

C on6ide.t the. te.'lm

i !
.-,~.,.{.\( - .</ •

which ill the. lltanda'ld binomial coe.66i.c.i.e.ntgive.n be.low

(A3.5J

(A3.6J

IA3.1J

n !
FT (n - kJ ! (A3.8)



(A3.9J

IA3.IOJ

A9

The b.inom.ial theM.em can be ut>ed 60'£ de'£.iv.ing the va'£.i~ub'£elat.i.onb .involv.ing

the b.inom.ial coe66.i.c.ientt>.

11 + xJ" "(~}o.(?). 1 + .... +( ~ ) x"

0'£ II + xJn = t (~)i·k=O

Subt>t.itut.ing x = I .in the above equat.ion

IA3.11J

IA3.12J

.i.e.,

IA3.13J

The 60Uow.ing .i.dent.it.i.et>a'£e ut>e6ul .in p'lOv.ing the t>econd te'£m .in eqn.

I
(A3.6J at>equal to 2 :

aJ

and

(n) = !1(n - I)k k \k - I
IA3.14J

bJ n 2n-1 (A3.15J



Con.t.i.de.-t

Al0

en • (n - 1J •••• (n - k + 111[(n - kl •••••• 11

k ![(n - kl ..•.•• 1]

n • (n - 1) ••••• (n - k + 1)

(A3.161

lk - 1I! In - kJ In - k - 1J ••• 1

=

k !

n [(n - 1) •••• (n - k + 1)] [(n - klln - k - 1) •••• 1]

k ----I-k---l-1 -! -In-- -k-l -In---k-- -1-1-••-••-1--

(n - 1!.(n - 21 •••• [In - 1) - (k - 1) + 1] •••.. 1n
k

lA3.11J

lA3.181

(n - 1I!n

k lk - 1) ! fln - 1) - lk - 1J]! _ !! (n - 1\- k k - ~
lA3.19J

l: k n

k k (n - ~k - 1)

=

~ (n - 1)
n~ k-l

k
lA3.201

nwm e.quation (A4.11

= n 2n-1 lA3.21 I

Con.t.{de.-t

n

L:
k=O

In-1) ! In-2kl2

k ! In-kl !
=

n

2:
k=O

In-1)! [n2 - 4nk + 4k2]

k ! (n - kl ! lA3.22J

n (n-1)! n2 n

= L:----4L;
k=O k! In-kl ! k=O

In-1)! nk

k ! In-kl !

n

+ 4 to k !In-kl!
lA3.231

= n L: _n_!__
k=O k! In-kl!

~ k n ! ~ k2-4 L.. ~~- + 4 ~ -n-
k=O k! (n-kl! k=O

n !
k !In-kH

lA3.24J
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=n E (k) - 4L: k( k ) + 42:: :2 (~) (A3.25Jk = 0 k=O k = 0

=

n 2n - 4 n 2n-l + 4 t L !! (n-l ) (A3.26)k=O n k k-l

n n L (n-l)

(A3.21J

=
n 2 - 2n 2 + 4 k k-l

k=O

=

- n 2n + 4[t Ik-O (k~11) +Z(k::) ] IA3.28 )

=

- n 2n + 4 (In-O 2n-2 + 2n-1 )
(A3.29 )

n ( J n n

(A3.30)= - n 2 + n-l 2 + 2.2

{.e., t
(n - n! In - 2k)2

2n

= IA3.31J

k=O
k ! (n - k) ~

Henc.e,

1
1 ~

1
11-1J~ 11-2.iJ2

L:
L=21

IA3.32 )
. , If .),

., 11 -') i. 0 {. -.{ • .i=O
.{ . .{ .

.(=

3.c. P'Zoon On the fpUow.ing .ident.itlj .ib g.iven below:

IA3.33)

Subbt.itut.ing nO'l A. and B. 6wm eqn. (3.53) and (3.54J 'Zebpec.t.ive1lj ~n the LHS{ .{

06 the above exp'le6b.ion,



But,

I

L:
.c=O

2
IA. - B.)

.{ .{

A. + B .
.{ .(

I lIf-I)! 11-2.{=
t 1:

') ,
.c! If - .( •

.c=o

IA3.34)

A12

I

I: It - 11! It - 2<12

.c=O .c!Il-.cJ!

Ub.cng e.qn. IA3.31J

He.nce.

= IA3.35J

I

L:
.c=O

2
(A. - B.)

.{ .{

A. + B .
.{ .{

(A3.36)
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APPENVIX4

MAXIMIZATlON OF SELECTlON RATlO IN IHAT-S3

The. de.-t.i.vat.i.on 06 the. cond.i.t.i.on 60-t a max.i.mum -be.ie.ct.i.on -tat.i.o m

IH AT -S3 i-b give.n he.I£e..

The beiection -tat.io ib maximum when the. noUowing l£at.io ib max{-

m.ized:

T hib -tatio ib On the o0-tm

Sl + Sz + S3 + S4

S5 + S6 + S3 + S4

(A 4.1)

= (A4.2)

When the exp-teM.ionb o0-t Sl to S6 g.iven by eqnb. (3.114) to 13.119) al£e

bubbt.i.tute.d .in e.qn. (A4.1) whe.-te.,

and
m

02 = 2 1: (A. -B.) V V
.i.=O { { -t m

(A4.3)

(A4.4)

The exp-tebbion 001£ 61 and n2 can be b.impl.itSied by the. 60Uow.ing bubbtitut.i.on-b:

Conb.ide-t

m

L: Ci =
.i=O

C*
m

IA4.5)

(.i.+ 1) (1-1)

(.i+ 1) ~ Ii - [+11
= (l-1) = A.

. { (A4.6)



Henc.e,

m
E (A. - B.)

=
A

. 0 .{ .{

m
.{=

binc.e
B

=0
0

Thub,
°1

=2(£-11 l/
+

Hc* V2

'l
£ m m

and
°2

=2A V V
m 'l m

A14

(A4.7)

(A4.81

(A4.9)

(A4.10)

The ooUowing 'le£ationb wh.i.c.h a'le bimila'l to eqnb. (3.61) and (3.62) mUbt

be oat.i.b6.i.ednO'l a maximum be£ec.tion 'latio

01 0ZV
=0lV 02

'l

'l

and

01 0ZV

.-°lV°z
m

m

whe-te,
°lV

=2£V

-t
'l

°lV

=2.!:LC* V

£rn mm

°ZV

=ZA
mVm

'l
and

°iv

::'LAV
m 'lm (A4.11 )

(A4.12)

(A4.13)

(A4.14)

(A4.15)

(A4.16)
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The. 60UOlJJing e.quati.on i6 obtaine.d by 6ub6Utut.i.ng 60'1: 6JV and 62V m'I: '1:
~qn. IA4.11}

612AmVm

0'1:

= IA4.1;Z)

= IA4.18)

Sim{la'l:ly the. 60Uowing ~quati.on i6 obtai.ne.d by wb6ti.tuti.ng 60'1: 6jv andm

6iv in e.qn. IA4.12}
in

=
N c* Vm m
I A V

m 'I:
IA4.19)

A '1:e.laUonb~tw~~n V and V ib obtaine.d by e.quati.ng the. 'l:ight hand b.id~
'1: m

06 e.qnb. IA4.18J and IA4.19)

He.nc.e.

01

=

=

2ti-1J V 1
A V

m m

N c* V
m m

fA V
m 1

IA4.20)

IA4.21)

= t IN C* /l211-1J 1/2m } IA4.22)

The. e.xp1f.~Mion IA4.2) ib a maximum whe.n the. 1f.atio giv~n above. i.b pObiti.ve..
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Subbt.i.tut.i.ng U in equationb (A4.9J and (A4. 7OJ
it

and

=

=

2#-c* V~l m
(A4.23J

( A4.24J

The maximum belec.tion 'laUo c.an be obtained by bubbtituUng 60'l 67 and 62

n'lOm eqnb. (A4.23J and IA4.24J and ib given by eqn. (3.722J.
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APPENDIX 5

MAXIMIZA TlON OF SELECTlON RA TlO IN IHA T-S4

The de'l.c.vat.i.on 06 the cond.c.Uon 60'l a maximum &elect.ion 'laUo .c.nIHA T-S4

i& given he'le.

The &elect.c.on 'laUo .c.& max.c.mum when the 6ol.low.c.ng 'latio i& max.c.mized:

Th.c.&'lat.c.o .c.& 06 the 60'lm

&1 + &2 + &3

&4 + &5 + &3
lA5.1)

= IA5.2)

when the expuMion& 60'l &1 to &5 given by equation& 13.141l to 13.145) a'le

&ub&t.ituted ineqn. IA5.1), whe'le,

= lA.+B.) +
.{ .(

1l-1 )

2 2 JV m2 . L lA.c.+Bi)
.( = ml+l

••••• IA5.3)
and

f m1
0" = 2V'l V 1 L1 IA. - B.) + V "

i. m . 0 .( .( mi..( =

I~~

t. IA. - B.)]. 1 1 .{ .(.(=m +
IA5.4)

The exp'leMion& 60'l n, and 02 can be &impti6{ed by the nollowing &ub&iitution&

Il-1) 1l-1)
2 2 (l-1) .L IA. + B.) = ~ C. = 2 ; by U&.tngeqn. 13.5)

. 0 .{ .{ . 0 .(.{ = .( =

IA5.5)

m1t
.c. = 0

IA. + B.)
.{ .(

=

m1
L

.c. = 0

C. = V
.(

IA5.6)
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#) 1l:Ji
2

2

2:
IA. + B.) =tc.=E IA5.?).

{ { {
1=ml+1

{=ml+1

IA5.8)

IA5.9)

Hence,

and

IA5.10)

= IA5.11 )

The 6oUowing cond{t{on6 mU6t be .6.'1ti66ied {n o'lde'l to get the maximum

6e£ection mtio

61 6'2V
=

61V 62
'l

'l

61 6ZV

=
61V 62

ml
ml

and

61 62V

=61V 62
m2

m2

whe'le,

niv

=2l V

'l
'l IA5.12)

IA5.13)

IA5.14 )

tA5.15)
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6iv
= 2ND V

m7

1 m7

6iv

='INE V

m2

1 m'I

n2V

='I(F Vml+ G Vm'I)t
nZV

='lFV

m7

'l

6' =

'lGV
'IV m'l

'l IA5.76}

(5.71 }

IA5.7 8)

(A5.19}

IA5.20}

",The 60llowi.ng equati.on& ate obtai.ned by &ub&ti.tut{ng 60'l 62, 6iv and 6' 'IV
'l '(

i.n eqn. IA5.12)

Hence,

= IA5.2 7)

IA5.'l'I)

The 60Uowi.ng equati.on i& obtained by &ub&tituti.ng nO'l 6,V and 62V in
m7 m7

eqn.IA5.73)

O'l

(A5.'I3}

= NDVm1

l F V'l

IA5.24)

Si.m{fa'lfy the 6oUowi.ng equation i.& obtained by &ub&titut.i.ng niv and
m2

6' .' ,

'IV m'I m eqn. (A5.14)

N E V m'I

I G Vt
(A5.25}



A20

A 'C.elation between the c..olumn voftageb V ml and Vm2 ib obtained by equa

ting eqnb. IA5.241 and IA5.251 ab given below.

61 N V V mlN E Vm2

6;-

= =

1 F V
l G V

'[
'1

O'l.

Vm2

VG
= EF V ml

IA5.26)

IA5.211

The 6oUowing 'C.elation ib obtained by ubing eqnb. (A5.10) and IA5.21J

IA5.28)

IA5.29)

Henc..e

An exp'C.ebbion 60'1: V ib obtained by bubbtituting 6o'C.V2 2 i.n the above'C. m

equation ubi.ng eqn. IA5.27)

IA5.31J

IA5.32)

-Henc..e,
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lA5.33)

The belect.i.on 'lati.o .i.b max.i.mum when the pOb.i.t.i.ve'£Oat .i.b conb.i.de'led.

The eXp'leH.i.on 601£ 61 ib obta..i.ned b!:l bubbtituting60'l V2 6'lom eqn.lA5.32)1£ !

lA5.34)

(A5.35)

The noUowi.ng exp'leHion nO'l 62 ib obtained by bublltituting nOt v m2 and

V .i.neqn. lA5.11J ub.i.ng eqnb. lA5.27) and lA5.33)
1£

_ lEF2+ VG2) ( NV .)1/'l~EF'l + VG'l) 1/'l V'l
62 - 2 EF It-1)· EF ml

2 IF

The max.i.mum belect.i.on 'la.t.i.o can be obtained b!:l bublltitut.i.ng 601£ 61 and

62 6'lOm (A5.34) and (A5.351 and .i.ll g.i.ven by equat.i.on (3.152).
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A CONVENIENT MULTIPLEXING SCHEME FOR.ADDRESSING SMALL LIQUID CRYSTAL MATRIX

DISPLAYS

N.V. Madhusudana and T.N. Ruckmongathan
Raman Research Institute, Bangalore 560 080, India

In this paper, a convenient method for multiplexing small liquid crystal matrix

displays is presented. For a matrix of N rows, the method consists of address

ing the rows with all possible combinations of a binary voltage scheme. For

each of these 2N combinations, a proper binary voltage is selected for each of

the columns to get a majority-advantage compared to the picture pattern to be

displayed. A reathematical analysis of this scheme is given. Though the con

trast ratio with the present scheme is slightly less than that obtained with

the conventional scheme it has the advantage of having a very large duty factor and

of requ1r1ng only one power supply. The simpliCity of the scheme is exploited

to construct and operate a 16-segment alphanumeric display panel.

INTRODUCTION

For many low cost, high volume type of applications, it would be useful to

have relatively cheap, multiplexed alphanumeric liquid crystal displays (LCOs).

We have tried to develop such a display with simple circuitry.

THE MULTIPLEXING SCHEME

From the practical point of view, it is an extremely simple matter to

generate a sequence of binary numbers using a counter. We have made use of

this facility in developing an addressing scheme suitable for LCDs.

Consider a matrix with N rows. For reasons'which will be obvious soon,

let N be an odd number. If, as usual, 1 stands for 'high' and a for 'low'

voltages (positive logic) a total of 2N different signals (which are the

possible N-bit binary numbers) can be applied to the N rows., With each of

these possible voltag~-patterns On the rows, we will apply such a voltage

to a given column that the error with reference to the required pattern is

minimised. This is illustrated in Fig.l for a matrix with 5 rows. In general,

if '1' is +V and '0' is -Van the rows, we can apply either +V or -v tor . r' c c
the columns. Only the RMS voltage is relevant to the electro-optic response

of the LCD and at any given time the Aquared voltage on any given element is

(V +V )2 or (V -V )2. It is not necessary to consider all the 2N possibler c r c
binary numbers applied to the rows, since one half of them will be comple-

mentary to the other half (see fig.l). Let us assume that a given element

in a given column should be 'ON'. The RMS voltage on that element can be

calculated as follows: Let P be the number of times that the element has a

squared voltage equal to (V +V )2. In the remaining number of scans, viz.,r c
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Figure 1. ,
(a) Schematic diagram of a matrix

with 5 rows. The required
picture-pattern of only one
column is shown.

+V. -v.
I1I+V,

+ ('0\0 -Vell1l+v,+ (V,+v.I
UHlir

.• (\I, -Vel1I1"'V,.•. IV,+V. I

101-V,
- IV,+~I101-v,- IV,-~,

111+v,
.• IY,-1Ie1I""v,.• IV, "vel

10)-V,
- IV,"1Ie1101-V,- IIIr -Vel

, AM COIlIIECT I AIlE COIIIIECT
• Z All( 1fC0flMCT. • :5ARE 1HC0flR£CT.

:. SELECT +VC

-Ve +V.

101-V,

- l'.f, -ve'101-V,- IV,+vel

101-V,
-I"'-lle'101-v,-IV, "Vel

(lJ"V,

+IVt .• Ve'11'+ V,+IV,- VJ

~'-V,

-IV, -V.I101-V,-IV,+ ve'

(lI+v,

+CV,+vel101+V,+ (1Ir- VeJ

(b) Illustration of the scheme of
selection of the row and
column voltages used to
reproduce the picture elements
shown in Fig.l(a). In the
upper section of the figure,
the binary number defining
the voltages applied to the
rows is 11010. +V is
selected as the corumn voltage
to minimise the errors. In
the lower section of the
figure, the rows get voltages
corresponding tp the binary
number 00101 (i.e., comple

mentary to 11010), with -Vc
selected for the column.
Notice that in the comple
mentary scan the polarities
of the voltages on all the
picture elements are reversed.

:s AIlE COMEtT

a Z ARE IHCOflIIIECT.

2 AIlE COflR£CT

a :5 AR( IlCOftR£CT.

:.SELECT -VC

N-l 2
(2 -PI scans, that element will have a squared voltage equal to (Vr-Vc) •

Only ~ during the 2N-l scans, ~ the elements of the given column will

have the correct vOltages (i.e., 'ON' elements have (V +V )2 and 'OFF'. r c
elements have (V -V )2). There will be one mistake in N out of the 2N-I scans.r c ---
However, we want the given ~lement to be 'ON'. So, in (N-I) scans the given

element is 'ON' when the picture-pattern in the given column has one mistake.

This can also be wtitten as (N-l)!/l! (N-2) 1 which is the number of ways of

selecting one out ~f (N-l) elements of the column.

In a similar manner, when there are two mistakes in the picture-pattern,

excluding the case. where the given element has a mistake, ~he number of times

it is 'ON' is (N-UI/2! (N-) I.
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We can continue this series till we reach the maximum possible error. By

choice, this error cannot exceed (N-I)/2.The counting procedure is illustrated

for N 5 in figure 2.

!IJ ERRORS
ONE ERROR

(5-1"
01(5-1-011 ·1 (!I-II! .411IS-I-\l! Figure 2.

Illustration of the method of
counting the number P (as
defined in the text) for a matrix
with 5 rows. The central picture
element (enclosed in a box with
dashed lines) of the column
shown in fig.l (a) is chosen for
the purpose of calculating P.
The arrows indicate errors
compared to the pattern in
fig.lla).

(!I-II I
21(5-1-211 ·6

Hence the total number of scans for which an 'ON' element has (V +V )2 asr c
the squared voltage is given by

p •

N-I
-2-I
m=O

IN-I)I
mlIN-l-m) I III

In the remaining (2N-I_p) scans, the element has (V -V )2 as the squared voltr c
age. Hence the RMsvoltage on the 'ON' element is

[P(V +V )2+(2N-I_PI (V -V )j~
V (RMSI" r c r c

ON 2N-I

In a similar manner, lIV -V I2 I N-IVOFFIRMS) ••.. r c + 2 . -PI (V +V )j~N-l r c
2

It can be easily shown that VON/VOFF is optimiaed for Vr ••Vc•
Then

(2)

(3)

(4)
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each other.
RAp/Rp

1.11S
1.091
1.077

1. 068

(VONIVOpp)
Alt and
Pleshko

RAP
1.932
1.618
i.488

1. 414

Present
method

'1>
1.732

1.483

1. 382

1. 324

RMS value of

Nontheless, in view of the

advantages of the new method, viz.,

(a) need for a single voltage source,

and (b) DC-free operation,we have

used it in addressing a l6-segment

alphanumeric display. An additional advantage is that since, ~n the present

method, an ON element is 'ON' most of the time (i.e., it has a relatively

'large' duty factor) a flicker-free operation is ensured even with relatively'

low scanning rates. (This may be compared with the duty factor of l/N in the

conventional method).

We very recently came across a paper by Clark et al(2) in which they

appear to have considered a similar multiplexing technique. By using the

results of a computer simulation analysis, they have conjectured that

N -

N = 3

N '" 5

N •• 7

9

Let Vr = Vc = V. In fact we can chose 'I' to be 'V' and '0' to be zero itself.

Thus a single source of voltage is adequate to address the display. Further,

when we scan through the complementary 2N-I binary numbers, any given element

will get an equal number of voltage pulses of opposite sign, so that a DC-free

operation is automatically ensured (see also fig. 1).

When N is even, it is clear that the choice of the voltage to be applied

to the column electrode becomes ambiguous when N/2 mistakes occur for a given

voltage-pattern on the row-electrodes. Covering both the possibilities is

equivalent to scanning a matrix with (N+ll rows, i.e., eqn. (4) holds good with

N replaced by N+l.

It is also clear that since a total of 2N scans are needed to cover all

possibilities, the nur-ber of scans rapidly increases with N. Hence this method

of addressing is useful only for small matrices.

The optical contrast ratio depends on the RMS value of (VONIVopp)' It is

listed below for a few values of N and compared with the values for the con

ventional scanning method due to Alt and Pieshko(l) •

Hence the Alt and Pleshko values

are always higher than the ones got

by the present method. However, as

N increases the two values approach

-1 is

!}]
(5)

where q is an integer. N = 2q+l and (2q) denotes a binominal coefficient. Byq
using binominal series, it can be easily shown that (4) reduces to (5). Thus

our mathematical analysis. confirms the conjecture by Clark et al.

16-SEGMENT ALPHANUMERIC DISPLAY

We treat each character as a 4 x 4 matrix. The interconnections on the top

and bottom plates are shown in figure 3 ••

Since we did not have a standard character generator IC for addressing such

a display, a 1702EPROH was programmed to convert the ASCII code from a key board
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Figure 5

b
Photographs of two alpha-numeric patterns of a TN display panel
with (a) parallel polarizers and (b) perpendicular polarizers.
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Figure 3.

The electrode patterns
and the mterconnections
on the top and bottom
~lates of the display
panel.

to the code necessary to address this display. The total memory required for

64 characters is 64 x 4 x 4 '"1024 in the organisation 256)( 4. The block diagram

of the system is given in figure 4. The logic circuitry required to produce

the data for columns is simple and consists only of finding the number of

coincidences of the column data with the addressing waveform and making a

simple majority decision.

•• iii 0 'I'" ,.. C I • C " , f

Figure 4.

Block diagram of the
display system •

•• ',"0"

•• Iff
• • "i

..."

~.'r •. 1.""
.-""'"

•••••••I -..""...

Photographs of some preliminary twisted nematic displays constructed on

the basis of this scheme are shown in figure 5. We feel that if the display

performance is optimized by a suitable choice of materials, this will be a

convenient method of addressing the displays.
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NEW ADDRESSING TECHNIQUES FOR MULTIPLEXED
LIQUID CRYSTAL DISPLAYS

T. N. Ruckmongathan and N. V. Madhusudana
Raman Research Institute

Bang%re. India

Abstract - A binary addressing lechnique(BA n for multiplexing
liquid cryslal displays (l,CDs) is described. It requires addressing
waveforms Wilh only two voltage levels. and leads 10 a naturally dc·free
operation. The melhod is suilable only for small mal rices (N<9). We
propose a hybrid addressing lechnique (HAT) "hich combines lhe
fealures of both IIA T and the familiar Alt and I'leshko technique (APT).
Il is ~howl\ thaI U ..\T ~an lH: lI~~Jh>r lar~c m~u£lL'(:a.Th( three techniques
arc compared.

l. INTRODUCTION

to be displayed is bilevel (i.e., the segment is either ON or
OFF), the pattern to be displayed in a column can be
represented by d •• dl, ... , dn; d; = 0 or I. In this ad
dressing technique, the rows are applied with voltages
corresponding to an n bit pallern al, a2, ••• , an; aj = 0
or I. A bit-by-bit comparison is made between the two
patterns, and the number of anticoincidences (mismatches)
is counted. Mathematically, we have to find s where

TABLE I. Comparison orthe features of Ihe three lechniques.

TABLE II. Voltage across an clement with different condilions during
animerval.

"
s= " a· 61 dI..J.I I

,-1

APTBATHAT

VON/VOFF

HighLowImermediale

Address dUlY factor

IINPI2"-1nPI2"-tN

V,/V,

INt.JNin

Power supply voltage

HighLowImermediale

Number of voltage levels across an

43 6

element Number of imervals10 complele a cycle

N2n2" (N/n)===

Row

logic level/vollage

0/- If, II+'V,

-(V, - Ve) -(V, + V,l
OFF ON0/- V,

Column

LOBic level/voltage

where 61 is an exclusive OR operation. The column voltage
is decided by a majority decision, i.e., if s>"I2, the
column voltage will correspond to I, otherwise to O. This
reduces the number of errors in that column. Now, at, al,
.••• an is changed to a new binary pattern and the
procedure is repeated. A cycle is complete when all the n
bit binary combinations are exhausted, i.e., after 2n in
tervals. Since a majority decision is needed in thi~
technique, n has to be odd ..

The voltages across an element with different conditions
during an interval are given in Table II.

Now it is required to calculate the number of times an
element gets the correct voltage during one cycle. We will
consider only 2n -I intervals such that they are com-

The All and Pleshko technique (APT)' is widely used in
multiplexing liquid crystal displays (LeOs). An alternative
technique which will be referred to as the binary addressing
technique (BA T)l was proposed recently (see, also, Ref.
3). In this technique all the N rows to be mulliplexed are
selected simultaneously with vollage levels ± V,
corresponding to I or 0, so that the vollage pattern applied
to the rows corresponds to an N digit binary number. This
is compared with the binary pattern to be displayed in a
given column and the column vollage is decided as + Ve or
- V, such that a majority of rows get a favorable voltage.
Now, the row address pattern is changed to a new N-digil
binary number and the process is continued until all the 2N

possible combinations are exhausted, and the cycle is then
repeated. The principal merits of the technique are (a) it
requires a single relatively low power supply and (b) a
naturaic,!c-free operation. To demonstrate this technique,
we constructed a 16-segment alphanumeric displayl which
was treated as a 4 x 4 matrix. Since the binary addressing
technique can be used only for an odd number of rows,l N
was chosen to be 5. The details are given in Ref. 2 along
with some photographs of the display, which had an ac
ceptable contrast. However , BAT is not suitable if N>9 or
II, since the numbcr of timc intervals to complete a cycle
takes a very high value.

In this paper, we will briefly review BAT and propose a .
combination of BAT and APT. II will be called the hybrid
addressing technique (HAT) and can be used for relatively
large values of N. In this technique the total N rows to be
multiplexed are divided into Ntn non-intersecting subsets,
each consisting of n rows. At a given instant of time one of
these subsets is subjeclto BAT while the rest of the rows
are at ground potential. A cycle is complete when all the
subsets are subjected to binary addressing. The features of
the three techniqucs are compared in Table I.

II. THE BINARY ADDRESSING TECHNIQUE

In a multiplexed display with n rows, if the information
1/+ V,

+(V,+ V,l
ON=

0734-1768/831240)'02S9SI.OO@ 1983 SID

ProcccdingsoftheSID. Vol. 24/3.1983 159
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TABLE Ill.' Values of P and "ON / VOFF for various values of n.

No. of rows

mullipkxed

'p

n;]

]
n;S

11
n=7

42

n=9
163

:~~ ..-II,

:1J1JL, "-II,

:'JLL"'-II,

+~"

o I---R4

-II,

+V~.'

l--R6o

-v,

VON/VOFF

BAT APT

1.732 1.932

1.483 1.618

1.382 1.488

1.324 1.414

Wnru '+lV,wel

+lV,-vt1

II _ HE; + V(. ~... -v,
U . -lll,-Vel

~ -IV,.Vd

.. _" ... ::v, Hel
I I . [2 c

~ u·····-Ve-(V, -vel

follows:

V = ( 2P( V, + vy + 2(2" -I - P) ( V, ~ vy ) 1/2ON 2"

( 2P( V - V )2 + 2(2" -I - P) (V + V >2 ) 112
v: _ . r c _ r c:J

OFF - 2"

The VoNIVOFF ratio is optimized for V,IVe = 1. Table 111

shows the values of P, and VONI VoFr for various values of
n.

111. THE HYBRID ADDRESSING TECHNIQUE

Here we use the binary addressing technique to address a
subset consisling of n rows of the total N rows, while the

rest of the N~n rows are at ground potential. After

completion of 2" intervals, a different subset with n rows is

scanned with BAT. The rows to be scanned by BAT can be

represented byni + I, ni + 2, ... ni +n, where i takes the
values 0 to [(Nln) -)).

Representative wave forms for the hybrid addressing

technique are given in Fig. ).

The rms voltage across the ON and OFF elements are

given by

VON=

( 2P( V, + V.)l + 2(2"-1 -PH V, - vy + 2" [(Nln) -I) 11) 1122" (Nln)

(I)

and

VOFF =

( 2P( V, - VJl + 2(2",1 - PI ( V, + VY + 2" [(Nln) -I) 11) 1122" (Nln)

(2)

The expressions for VON and VOFF can be wrillen as

plementaryto the remaining 2"-1 intervals. As shown in

Ref. (2), the number of times (say P) an element gets the

correct voltage is given by

~IC.d'~

FIG. I. Represenlative Waveforms for HAT RI-R6 are the waveforms

applied 10 rows 1-6, respectively, and CI is Ihe waveform applied 10 a
column, NOle Ihal R3-RI are applied wilh Ihe binary pallern sequence

000,001,010, Oil, 100, 101, 110, iInd III, whereas R6-R4 are applied

wilh Ihe binary pallern sequence 001,101,010, 011,100, 111,000. and

110. The sequence in which Ihe 2" combinalions are applied 10 Ihe rows
does nOI aller Ihe rms vohage across an elemem, but has an effeci On Ihe

frequency spectrum of (he waveform acrOss the element.

The Vo:.,IVOFF ratio is optimized for V,IV< =.JiiTiir;
Substituting this inlO Eqs. (I) and (2), we get

V =(2"(Nlnl + (Nln)112(4P-2") )112ON 2""(Nln)

V _ (2"(Nln) - (Nln)112(4P- 2") ) 1/2OFF - 2"'I(Nln)

V (Nln)1122"+(4P~2"»)"2 .~= -- ------ =YK (3)
VOFF (Nln)'t22" -(4P-2") .

Figure 2 gives a. comparison of the VoNI VOFF ratio ob
tained for differeht values of N in both APT and HAT.

The supply voltage needed to address a multiplexed

display using APT has been shown 10 be (V, + Ve) by

Kawakami et 01.' This can be achieved by the synthesis of
suitable waveforms applied to both the rows and columns.

VN+I

V + V. = / ./. V'h' (4), , v2[1-(I/vN»)

where V'h is the threshold voltage of the liquid crystal. In

(n-I)!
mIen -I-m)!

moO

11--1

2

P= E

260 Ruckmollgall,an and MadllusudanalNew Addressing Techniques
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TABLE tv. Comparison of lhe power supply requirements given by
HAT and lhe APT for various values of Nand n.

20

,'040'0

/
c/.

,.
.~"..~
~ _c •
:;
i lO •

SupplyV,lVcofAPT
V SUPplYHATN

nvollageAPT for samesupply x 100

of HAT

CORlrast asvollageV supply APT

2V,

HAT V, + Ve

(x V'h)

(x "'h)

3

32.0V 1.02.449 V81.65

6

32.487 V 1.4152.601 V95.62

5

5 1.789 V 1.214• 2.461 V72.69

10

52.333 V 1.7182.786 V83.13

15

52.767 V 2.t053.082 V89.77

20

S3.138 V 2.4323.345 V93.80

2S

SJA66V 2.7143.578 V96.87

30

S3.76-1 V 2.9813.8 V99.0S

7

7 1.706 V 1.4002.558 V66.69

14

12.266 V 1.9712.982 V76.00

21

72.106 V 2.4223.342 V80.91

28

13.079 V 2.1943.652 V84.42

35

7JA09V 3.1323.937 V86.60

000, I?•• ~ •• '0.•
~ '0:;:: ,/ .

•• '0 o'

~
'0

'0'0.0'0.0.0

SuPPL' VOl. fACE IN VOL T S

FIG. 4. Plot of transmission characteristics of a TN lC cell addressed

by HAT with N •• IS and n = 3. C and 0 are selecled and nonselecled

elements, respectively.

SUPPLY VOLTAGE IN VOL TS

FIG. 3. Plot of transmission charaCleriSlics of a TN lC cell addressed

by APT as modified in Ref. 4 for N = IS. A and Bare lhe selecled and

nonselected e1cmcRls, respeclively.

10
10

I
}
"-

.} 15'-

IV. RESULTS

the case of HAT, iI does nOI appear to be possible to
rearrange the row and column address waveforms to
reduce the power supply requirement to less than 2 V"

which is given by the following expression:

-N
FIG. 2. Plot of VONIVOFF vs. N for (a) AlT, Pleshko (b) HAT with n
= 3, and Ic) HAT lechnique Wilh n = 5.

( 2(N/n) _ )1,:2V,= 1-«4P-2")/2"(N/n)'/2] V'h' (5)

'However, APT gives a higher contrast ratio than HAT. In
order to make a proper comparison between the power
supply requirements in the two cases, we reduce the
VONIVOFF ratio given by APT to the optimum value given
by HAT, i.e.,

( VON)2 (x+1)1 't-'(N-I)- =K= , , (6)
VOIF (x-I)'+(N-I)

where K is given by Eq. (3) and x = V, I V, of APT which
would give the same contrast ratio as HAT. This leads to
the following expression for x:

(K + I) - «K + 1)2 - (K - 1)2 NJ 1,2x= -----------
(K -I)

Using this, we get the power supply voltage required for
the degraded APT as

( N ) 112(V,+VJ= ly_l\2+iN_1\ (x+I)V'h' (7)

The salient features of the three techniques are sum
marized in Table I. We give a comparison of the power
supply requirements given by HAT (Eq. (4» and the
degraded APT (Eq. (7») in Table IV for various values of N
and 1/. If 1/ = N, we recover BAT. As can be seen from
Table I, the power supply requirement of HAT is lower
than that of the degraded APT if 1/ is large. For any 1/, the
advantage decreases as N increases.

We constructed a twisted nematic (TN) cell to make an
experimental comparison between the two techniques. The
liquid crystal used had a threshold voltage V'h = 1.45 V
and a steepness 'Y (= (VIO - Vlo)1 V10 x 1001 = 17070. The
percentage transmission as a function of the power supply
volt:u;e (:= V, + Ve) when the cell is addressed as if it is an

ON and an OFF element of APT with N = IS are shown in

Fig. 3 as curves A and B, respectively. The same cell was
addressed using HAT with 1/ = 3 and N = IS. The
corresponding percentage transmission coefficients as
functions of the power supply voltage (= 2 V,) are shown in
Fig.4.

In Fig. 5, we show the transmission curves for APT
which is degraded to give the same VON I VOFF as HAT with
N = 15 and n = 5. These can be compared with the
transmission curves for HAT shown in Fig. 6. It is clear
that the power supply voltage -required by HAT is lower
than that for APT as expecled from Table IV. The ex

. perimental values which are accurate to - 2070 agree with
Ihe calculated values given in Table IV.
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1'10. 5. Plot of transmission characteristics of a TN lC cell addressed

Il\" " degraded APT (see Eq. (7)1 for N = IS which has the same

I:"NIVOFF ratio as HAT with N = 15 and n " 5. E and F arc selected
;Il\J lIonsclected clements, respectively.

V, CONCLUSIONS

A binary addressing technique, which requires a single
supply voltage has been described. II depends on scanning
the N-row matrix, with the binary voltages corresponding
to the 2N possible N-digit binary numbers. II is useful for
small matrices (N<9 or 11). A hybrid technique which
combines BAT with APT in which the matrix is addressed

line by line has been proposed to overcome this limitation.
In many cases, this results in some reduction in the 'power
supply requirement compared to the APT scheme. We
have illustrated this point by studying the transmission
characteristics of both the ON and OFF elements of a TN

cell while being addressed by HAT and APT.

FIG. 6. PIOI of transmission characlerislics of a TN cell addressed by

H ..••T with N = 15 and n = 5. G and H are selected and non.elected

e1emenlS, respectively.
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8.3: An lCD for Multitrace Oscilloscopes
T. N. Ruckmongathan

Raman Research Institute, Bangalore, India

Abstract
A liquid crystal 'oscilloscope display fo.r

multiple waveforms uses an addressing technique
which exploits the restricted patterns in such
displays to achieve a higher contrast ratio than
conventional multiplexing. The selection ratio
depends on the number of waveforms displayed but
not on matrix size.

Introduction

Matrix displays for oscilloscopes and logic
analyzers have to display multiple waveforms, which
are mostly single valued functions of time. A large
matrix (with 256 rows or more) is preferred so
that the waveforms can be displayed without sacrifi
cing finer details. The selection ratio obtained
(or a matrix with a large number of rows is low
if the Alt and Pleshko line by line addressing
technique (APT) is employed (1,21.

In order to achieve a high contrast ratio
special techniques have been developed for oscillo
scopes displaying Single waveforms [3]. The N
rows in the matrix are sequentially selected with
low duty ratio (I/N) rectangular pulses of amplitude
V. The column voltage is 0 volts for the 'ON'
elements and a vol tage v, (which is in-phase with
the row select voltage) for the 'OFF' elelllents.
Since the display has only one selected element
('OFF') per column, this technique achieves infinite
selection ratio with 0 voltage acrOSs the 'OFF'
elements which are points on the displayed waveform
and (2tN) lt2.V across the background 'OIl' elements.

In another technique, the correlation proper
ties of pseudorandom binary sequences is used (~].
It is again possible to display a single waveform
with infinite selection ratto.

COLUMN

UNSELECTED

SELECTED

(ON)

(OFF)

0-

OVn

Vc

0-
0-all

R

UNSELECTED0

VJlJl.
w

(Vr-Vc)
0

oIL
SELECTED

Fig~ 1.0. D. C. Addressing of the Display.

Dual-traces have been displayed by using inter_
leaved vertical electrodes, i.e., by using odd
columns for one trace and even columns for the
other. The horizontal resolution is sacrificed
without any compromise in the selection ratio (5].

Alternatively, multitrace operation is possible
if n waveforms are multiplexed in sequential frame
periods. The selection ratio is [n/(n-l) ]1/2 with
out any compromise in horizontal resolution [5].

Theoretically, it has been shown by earlier
workers [6,7] that a selection ratio higher than
that of the APT can be obtained for restricted
patterns. Further, the selection ratio is higher
when most of the elements are 'ON' compared to
the case when most of the elements are 'OFF', in
a given column [6,7]. This theoretical conclu
sion has not been exploited for displaying multi
traces in an oscilloscope.

In the present work we have developed an
addreSSing technique for displaying multiple traces ..
It is important to note that the selection ratio
depends only on the number of selected elements
in a column (n : number of waveforms) and is inde
pendent of the total number of rows (N) in the
matrix. This is in contrast to the results of
Ref. 6 and 7, wherein the selection ratio is a
function of both Nand n.

Technique
Consider a matrix with N rows and H columns.

Let the number of waveforms to be displayed be
n. As discussed above, a better selection ratio
is obtained when (N-n) elements are 'ON' and n
are 'OFF' in a given column. This will result
in a negative contrast for twisted nematic displays
and a positive contrast when the guest~host mode
is used.

COLUMN

UNSELECTED

SELECTED
ION)

(OFF)

VJ
VcLJVr-Vc)

O·

:r
.

0-
-v,-f~'

R

UNSELECTED ,0
W

Vr1 ~l-
(Vr-VC)

r{Vr;-0!=-

a
-v,SELECTED I r

Fig: 1.b. A. C. Addressing of the Display.
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In order to compare this with the selection
ratio obtained in APT the equation (5) is written
in the form

Multitrace by

Present technique
frame multiplexing

of waveformsn Selection NSelectionN
ratio

eq
ratio
eq

.Iii )112
(2.1i1-1l 2[2L]112(2.n_1)2l.rrr -1

0-1
1

~ 1. 00 ~I
2

L8q8 3.3q1. q Iq9
3

1. 538 6.071.22525
q

1. q Iq 9.001. 155q9
5

1. 3q5 12.051.11881
6

1.300 15.201.095121
7

1.268 18. q 11.080169
8

L2qq 21. 681.069225
9

1.225 25.001.060289
16

1. 155 q9.001.033961
25

1. 118 81.001.0202QOl

~
Comparison between the present technique and multi
trace display by multip~exing the waveforms to
be displayed frame by frame. Neq gives the number
of rows to be multiplexed if APT is used in order
to achieve the same selection ratio.

Discussion

The selection ratio is independent of
N, since the column voltage for the 'ON' elements
is zero instead of a finite voltage. In practice
n «N and hence there .is no appreciable change in
the selection ratio compared to the theoretical
limits of techniques for restricted patterns discu
ssed in Ref. 6 and 7. For single trace operation
tne techn,que achieves infinite selection ratio
and the ad'dressing waveforms are ijentical to tho:Je
glVen in [3.5,8]. The addressir.;s waveforms have
been optimized. in the present tec;onique for multi
trace operation. As mentioned earlier the supply
voltage for the present techni,,"e depends only
on N.

(2)

(I)

0)

(5)

2 2
(V -V ) .(n-I)V .(N-n)O 112

[ r c c )
N

VOFF(rms)

The YON 1VOff ratio is optimized for Vr/Vc
n 11'2 J whiCh is indcp«:ndent of the tota 1 number

of rows (N) in the matrix. Substituting this in
equations (1) and (2) we get

For the sake of clarity. we shall f1rst dis
cuss the dc addressing scheme (Fig. I). The N
rows in the matrix are selected one at a time with
a row select voltage V while the unselected rows
are grounded. The cohl;r,n (data) voltage is chosen
to be 0 volts for an 'ON' element (background pixel)
and a voltage VC' which is in phase with the row
select voltage, for an 'OFF' element (selcted pixel
which is a point on the waveform). Since there
are n waveforms to be displayed, any column in
the matrix will get a voltage Vc for n time inter
vals and 0 volts in the rest of the (N-n) time
intervals. The rms voltages across an element
determines its state. The voltage across 'ON'
and 'OfF' elements are given by

2 2
vr+nVc+(N-n-l)O 1/2

YON = [ •. )
(rms)

The selection ratio VON/VOFFis given by

R = ~ = [~1112 = [ rn ] 112
VOFF 2,1fl-~ ,Ifl-I

where Neq gives the number of rows to be multiplexed
to obtain the same selection ratio

Hence Neq for this technique is (2/0_1)2. Table
I gives the selection ratio and Neq against the
number of waveforms to be displayed.

The supply voltage is determined by the ampli-
tude Vr. The 'Orl' elements can be biased to

Vs90(90~ of the saturation in the transmission charac
teristics).

It is preferable to add legends in oscillo
scope displays. This can be cone by including
the legend at the top and its iroverse video form
at the bottom so that the numbe'r of elements sele
cted in a column is constant. Tt.e number of sele
cted elements in a column increases in this case
and the selection ratio 1s lower compared to a

display without legends.

The present technique can also be adopted
for a case in which the' number of selected elements
is variable but always less tt.an or equal to n
(n« N). The number of selectee elements can be
adjusted ,to n for all the columns by adding n dummy
rows to the addressin2 wavefor=s. The selection
ratio will be [/ii/(/ii_lljll2.

Results

The addressing technique discussed above
has been implemented on a 6qx6Q =atrix TN display.
Photograph I shows four wavefor:>s being displayed.

The selection ratio in this case is ,I2(Neq = 9).
Photograph 2 shows a single wa'leform along with
legend •. The characters are for=ed by a 5x5 dot
matrix, with one row at top and !;.ottom to separate
the legends from the background. An addition~1
7 elements are selected in every column. The sele

ction ratio is [,;8/(18-1)]112, (I.e., Neq = 22).
The commercial mixture RO-TN 701 is u.ed in the
display and the supply voltage is 71.

(1)

(9)

(8)

(6)

Vr

112

[2ItI) 1/2

increases with the matrix
of the number of waveforms
to acnieve a de free opera-
row and column waveforms

[N/2) 112 • Vs90
V rVsuPPly

The supply voltage
size and is independc,nt
displayed (n). In order
tion the phase of the
are reversed as in Fig. 2.
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Fig: 2 REPRESENTATIVE WAVEFORMS FOR ADDRESSING MULTITRACE

OSCILLOSCOPE DISPLAY.
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Photograph 1 Photograph 2
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Impact

Since the selection ratio is higher than
that of APT, a better contrast can be achieved.
The selection ratio' is independent of the total
number of rows ln the matrlx and hence display.
with a large number of rows can be used increasing
the Y resolution without .acrificing the contrast.
Multiple waveforms with or without legends can
be displayed. Typical applications are in' multi
trace oscilloscopes and LOglC Analyzer •. This tech
nique can also be adopted in application. wherein
the number of selected. elements is a variable with
an upper bound n (n «N), typical application being
displays for video games.

The selection ratio ~hieved in the present
technique is [ Inl ( 1ri"-1)] 1 which is higher in
comparison with the earlier technique of sequen
tial frame multiplexing of waveforms proposed by
Shanks et al for multitrace operation, (Ref. S)
which gives a selection ratio = [n/h-l) 1/2 (Table
1).

In Ref.2 a multitrace o.cillo.cope discussed
has a 64 rows matrix LCD with 32 lines multiplex-
ing. If a comparable mixture is used one can
display 11 waveforms, using the present technique
without any limitations on the matrix size. With
L. C. mixtures currently available one can easily
construct a display for 16 traces (N = 49 lines)
using the proposed technique. eq
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