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3. NEW ADDRESSING TECHNIQUES FOR MUL TlPLEXING LCV/)

WITH RMS RESPONSE -ANAL YTlCrAL STUVIES

Va'liOUb a.dd'leMing techniqueb, cU'l'lent.ty available 60'l multiplexing TN LCVb

we'le 'leviewed and the need 60'l new a.ddteMing techniqueb wab dibcuMed in

chapte'l Z. Thib chapte'l ib exdubively 'lebewed 60'l th e p'lebentat.ion 06

analytical btudieb on bome new a.ddteMing techniqueb pwpobed 601. d'living

LCVb. The line-by-line addteMing 60'lmb the babib 60'l mObt 06 the a.dd'le

bbing techniqueb ubed 60'l multiplexing a mat'lix dibplay. A logical quebUon

at thib btage could be, '1& line-by-line he.lection the only walj to add'leM a

mat'lix dibplay?' The Bina'llj AddteMing Technique IBA TI put 60tth 6itbt

in thi.b chapte'l ib an attempt to anbWe'l thib quebUon. BAT 'lequi'leb bimple

a.ddteMing waVe60'lmb; but, it ib buitable only when the numbet 06 Uneb to

be multiplexed IN} ib bmall. The belection 'laUo 06 BAT ib lowe'l than that

06 the conventional APT and IAPT. Howevet, a towet be.!ecUon tatio 601.

a bmail N ib not a be'lioUb p'loblem, bince N LC mixtU'leb buitable 60'l multi"'"

plexed dibplaYb with N g'leate'l than 64 ate available at p'lebent. The Hybtid

Add'leMing Technique (H A TJ dibcuMed next .ib an extenbion 06 BAT to make

it buitable 60'l a.dd'leMing mattix dibplayb with a !luge N. Howeve'l, the_

belection 'laUo 06 HAT ib alw lowe'l ab compa'led to that 06 APT. Thib

ib a majo'l limitation 06 HAT, conbideting the 6act that N ib ltuge hete. The

Impwved Hyb'l.id Add'leM.ing Technique (lH A TJ p'lebented next achieveb

the max.imum belect.ion 'lat.io pOM.ible 60'l any a.dd'le.M.ing techni.que, Le.,

the Mme ab that 06 APT. In addition to thib, IH A T 'le.qu.i.teb a lowe'l powet

bupply voltage and hab a bette'l b'l.ightneM un.i60'lmity 06 the pixelb ab compa

'led to IAPT land APTJ. Thebe a.dvantageb in IHAT a'le achieved by inQ.uabing

the complexity 06 the add'leM.ing waVe60'lmb 06 HAT. The hade-066 between

the belection tatiob and the complexity 06 the add'leMing waVe60'lmb ib
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dibcuMed next. A detailed analybib 06 thebe techniqueb ib cove 'led in thib

chapte'l along with a cOmpa'libOn 06 thei-t pe'l60'lmance 60'l dibplaying gene'lal

patte'lnb in mat'lix dibplayb babed on elect'lO-optic e66ectb with 1mb 'lebponbe.

The impo'ltance 06 Rebt'licted Pattem Add'leMing Technique (RPA TJ

wab albo cove'led in the t:J'leViOUb chapte'l. Conbide'ling the R-imitationb 06

the exi.6ting technique6, new oneb 60'l dibp.ta.ying 'lebt'lict ed patte'lnb a'le

alba pwpobed in thib chapte'l. The belection 'laUo in thib cabe ib independent

06 the mat'lix bize and it jU6t depend6 on the numbe'l 06 befected pixelb

in each column.

3.1. BINARY AVDR.ESSING TECHNIQUE (BAT)

The bina'lY add'leMing technique 60UOW6 a totally di66e'le.nt app'lOach

to multiplex a mat'lix di6play ab compa'led to the conventional technique&

babed on line-by-f.ine add'leMing. All the Uneb to be multiplexed a'le bimulta

neoubly belected in BAT inbtead 06 one line at a time ab in the cabe 06

APT. Impo'ltant abpectb 06 BAT a'le conbide'led in thib bection.

3.1.1. &rekgtound

The 60110wing conditionb a'le batib6-(ed in a mat'lix dibplay ubed 60-'l

nume'lic and alphanume'lic appUcationb:-

1ndividual pixe.lb a'le in two btateb only, i.e., e~the'l ON O'l OFF, and

The data to be dibplayed in a column ib an N-bit bina'lY pattem.

Hence, the N 'lOWb to be multiplexed in a mat'lix dibplay can ab we.ll be

bimultaneoubly belected with voltageb COHebponding to an N-bit bina'lY

patte -'In. 1n gene'lal, the 'lOw-belect voltageb can be t V and the column'l
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voltage!! c.an be t VC' The voltage!! ac.WM a p.i.xel, 00'(. the va'liou& c.ombina

t.i.on& 06 the 'lOW and c.olumn voltage& a'le given in Table 3.1. Only the

voltage ampUtude& a'le c.on!!ide'led he'le !!.i.nc.e LCV!! 'le&pond equally well

to both po&.i.tive and negative voltage!!. The ooUow.i.ng c.ondit.i.onll a'le de!!.i.'led

.i.n a mult.i.plexe:d d.i.&platj:-

AU the OFF p.ixel& &hould get a& Iowa voltage a& pOM.i.ble

ac.'lOM them, and

AU the ON p.i.xel& &hould get a& la'lge a voltage a&

pOM.ible ac.'lOM them.

Henc.e a pixel i& &aid to get a 6avou'lable voltage ,when 

the OFF p.i.xel ha!! a voltage I V'l - V c.1 ac.'lOM .i.t; 01£

the ON p.i.xel ha& a voltage IV 1£+ Vc.1 ac.'lOM .it.

The voltage patte'ln ac.'lOM the p.i.xel& .in a c.olumn .in gene'lal c.o'l'le&pOndll

to e.ithe'l -

the 'lOw-&elec.tpatte'ln .i.t&eI6, when the &.i.gn 06 the c.olumn voltage

.i& the &ame a& that 06 'low-&elec.t voltage 001£logic. 0 > 01£

the c.omplement 06 the -'low-&elec.t patte-'ln, when the &ign 06 the

c.olumn voltage i!! the &ame a& that 06 'low-!!elec.t voltage OO-'llogic. 1,

when IV-'l - V d and IV 1£+ V c.1 a-'le aMigned log.i.c. 0 and logic. 1 'le&pec.t.i.vely.

In gene'lal, the data patte-'ln will be di66e'lent 6'lOm the 'lOw-&elec.t

patte'ln 01£ it& c.omplement. Henc.e, &orne 06 the pixe.t& .in a c.olumn wUI get

an un6avou-'lable voltage. The un6avou'lable voltage 01£eno'l in thi& c.ontext

mean&, eithe>r. the c.olumn voltage i& -



Table 3.1. Pixel voltaget. 60t di66etent Rowand
Column Voltaget.
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out-oo·phabe. wi.th the. 'lOW-be.le.ct voltage. 60'l an OFF pixe.l, 'le.butt.ing

.in a voltage. 00 1V'l + Vcl .inbte.ad on IV'l - Vcl aC'lOM .it, 01-

.in-phabe. w.ith the. 1£OW-be.le.ct voltage. 601£ an ON p.ixe.l, 'le.bu!t.ing

.in a voltage. 00 IV'l - Vcl .inbte.ad On IVi: + Vcl aC'lOM i.t.

The. p'le.be.nce. on an unnavou'lable. voltage. aC'lOM a pi.xe.l can be. tole.'late.d

in a multiple.xe.d dibplay nO'l the. noUowing 'le.abonb :-

TN LCDb 'le.bpond to the. 'lmb voltage. 'lathe.'l than the. inbtantane.oub

voltage., due. to the..i'l blow 'le.bponbe. time.. Hence the· p'lebence. 06

an unnavou'lable. voltage. aC'lOM a pi.xe.l dOe.b nottu'ln ON O'l tU'ln OFF

the. p.ixel, ab long ab i.tb dU'lat.ion .ib bmalle'l than the 'le.&pOnbet.i.me.

on the. d.ibplay, and

TN LCDh tebpond to the exte'lnal electt.ic Meld, only above. a th'le.hhold

voltage. IV th'. He.nce., the. OFF pixe.l& can accommodate. a voltage.

below Vth w.ithout be..ing tU'lne.d ON.

Howe.ve.'l, the. pte.&e.nce. 06 an e.no'l e..ithe.'l -

inc1e.abe.&the. 1mb voltage. aC'lOM the. OFF pi.xe.l, O'l

deCteabe.b the tmb voltage. aC'lOM the. ON p.ixel.

Thib leadb to a de.c:re.abe. .in the. &e.le.ct.ion tat.i.o 6tom the ide.al value, .i.e..,

.inMni.te.. A b.imila'l &ituat.i.on i.b encounte.1e.d in the. l.ine.-by-Une. add'le.M.ing

due. to the p'lebence. 06 the column voltage. aCtOM the p.ixel&.in the un&ele.c

te.d 10W&. He.nce. the. numbe.1 06 e.HO'lb bhould be. minimum 601 a give.n

pi.xel. The. numbe.t 06 enOtb in a column can be O-N depending on the data

and the. 'lOW-be.te.ct patte.1nb. Howe.ve.1, thib can be. 1e.duce.d to be. Ie.M than

01 e.qual to IN/2' by a p10pe.1 cho.ice. 06 the &.ign 06 the column voltage.



Thib ib iUubt'lated in Appendix 6.a.

3.6

The numbe'l 06 enO'lb in eaeh pixel

(3.1)

wal be di6fie.'le.nt fio'l the. fioUowing 'le.abOnb:-

the numbe.'l 00 mibmatehe.b and ·he.nee. the e.no'l de.pe.ndb

on both the. 'lOW-be.te.et and the. data patte. 'enb, and

the. data patte'1.n ib di66e'lent 60'1.eaeh eolumn.

The 'lmb voltage.b ae'lOM the pixe.lb in the. Mme btate bhould be equal

m O'lde.'l to e.nbU'le.dhplay uni.fiO'lmi.ty. Thi.b .i.bpOM.i.ble.only whe.rz the. numbe.'l

06 e.no'lb ib equal 60'1. the pixelb in the Mme. btate. Thib ean be. aehieved

by be.lec.Ung the 'lOWb with aU the. 2N bina'lY patte'lnb one. afite.'l anothe.'l

fio'l an equal dU'lat.ion 06 time. The. numbe. '1. 06 enO'lb 60'1. eaeh pixel (both

ON and OFF J in the. dibplay ib the. bame. and it ine'leabe.b with the value.

06 N. Thib leadb to a dee'leabe in the. be.le.etion 'lalio ab the numbe'l 06 'lOWb

(NJ in the. mat'lix ine'le.abe.b. Thib ib bimila'l to that ofi the. eonvenUonalline.

by-line add'leMing teehniqueb (APT, IAPT, ete.), whe.'le.in the.. de..e'leabe.. in

the. be.le.eUon 'laUo with the. ine'le.abe. in N i.b due. to the. ine'le.abe. in the.

dU'lation 06 the eolumn voltage appea'ling ae'lOM the pixelb whe.n the. eone

bponding 'lOWb a'le. unbe.le.ete.d.

3.1 .2 • Te.c.hnique.

The data to be. dibplayed i.n a eolumn ib an N-bi.t wO'ld and ib 'lep'le.

be.nted by

dl' dZ' d3, •••••, dN; dj = 0 0'l1

whe..'le.i.n, logie 0 and logi.e 1 'le.p'le.be..ntOFF and ON pixelb· 'le.bpe.etive.ly.

Simila'lly the. 'lOW-be.le.et patte.'en .it, an N-bit wotd and ib 'le.pte.be.nted by

(3.2J
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The Va'liOUbbtepb involved in BAT a'le given below.

il An N-bit wO'ld ib choben ab 'lOw-belect patte 'In. The'lOW-helect voltageh

a'le chohen to be ze'lO nO'l logic 0 .and Vb 00'l logic 1 ;

W The 'lOw-belect and the data patte'lnb a'le compcaed bit-by-bit uhing

digital compa'latO'lb, vh., exdubive-OR gateh ;

UtI The numbe'l 06 mibmatcheb ibetween thehe. two patte.'lnh ih dete'l

mined by counting the numbe'l 06 exdu!'ive -OR gate!' with logic.

1 output;

iv} The column voltage V ib decided by a majo'lity dec..iMon. The columnc.

voltage ib ze'lO (logic 0 J i6 i i!' leM than N/2 and ib Vb (logic 1I io i

ib g'leate'l than 11/2 •

The htepb WI - livl can be bumma'£hed ab nOUOWh:-

N

i :: ~ a. (f) d.f= 1 f f
and

= i~
00'li <::: IN/'ll

Vc. 60'l
1. ::> IN/21

b
13.31

13.4)

The condition i = {N/21 ib avoided in thih majo'lity dec..ihionby choohing N

to be odd;

vI The column voltageb 60'£ each column in the mat'£ix Me dete'£mined

independently by 'lepeating the hieph WI - ({vI ;

vi) Both the 'low-belect and the column voUageh a'le appli.ed himulta

neouhly to the mat'lix dihplay 60'l a time dU'lation T;
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v.w A new 'lOW-betect patte'ln .ib choben and the column voltageb a'le

dete'Cm.ined 601£th.ib by ub.ing btepb WI - Ivl. The new 'COwand column

voltageb a'Ce af:}pUed b.imultaneoubllj to the mat'l.{x d.ibplay 601. an

equal dU'lat.ion 06 t.ime at the end 06 T ;

v.i,{{j A cyde io compfe.te.d when all the 2N binaJuj patte'lnb a'le. cove'Ce.d

ab 'COw-befect patte 'lnb once; and

ixl The dibplay ib 'le6'Cebhed by 'lepeaUng thib cyc.le conUnuouUy.

The time du'Cat.ion T bho'uld be bmaU ab compa'led to the 'lebpOnbe time

06 the dibplay, in o'lde'l to enbu're the 'lmb behavio'l 06 the dibplay. The

t.ime dU'lat.ion 06 a cyde 1= 2N• TJ bhould be low .in o'lde'l to avoid 6l.icke'l

in the dibplay.

The 'lmb voltage aC'COM the pixelb ib independent 06 the bequence .en

wh.ich the '2N 'tOw belect patte 'lnb a'le choben 60'l add'CeM.ing the d.ibplay.

Thi.b allOWb Mme 6'leedom in the choice 06 the bequence to buit the dibplay

cha 'lact e'libti Cb•

The column voltageb 60'l aU the pObbible comb.inat.ionb 06 the 'low-belect

and data patte.'lnb, 601. N = 3 a'le. bhown in Table 3.'2 ab an e.xample.. F'lom

thib table., it ib evident that the column voltage. ib -

comple.mente.d whe.n e.ithe.'l the 'low-bele.et patte'll'! O'l the. data patte.'ln

ib complemented; O'l

the oame. when both the. 'COw-be.le.etand the data patte'lnb a'le. compLe-

mented.

Typical add'te.b-6ing wave.60'Cmb 06 BAT 601£N = 3 a'le bhown in Fig. 3.1. The

'COw wave.60'lmb R 0 - R'2 60'lm the e.ight bina'lY 'lOW-betect patte.'ll'!b. The
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CYCLE (ST)

:~;.FO.MS ~ ·

V, = Vc = Vs

BAT, N=3

R2

Fig. 3.7. Typic.a1 add1e.Ming wave60-zm 06 BAT
.,
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column wave.60'lmb 'le.<{ui'le.dto dibplay the. eight data patte.'lnb (CO - C1) a'le.

bhown he.'le.. The. wave.60'lmb aC'lObb the. pixe.l!> .in the. 6.{'lbt 'lOW a'le. alba

.inc.lude.d .in th.ib n.r.gu'le, to itlubt'late the .inhe.'lent dc.-6'le.e. ope.'lation 06 BAT.

3.1.3. AnalyMh

Le.t the. numbe.'l 06 'lOW!>IN) be. odd, and the. 'lOW-!>ele.ct voltage. be.

-V 60'l log.ic 0 and +V 60'l log.ic 1. S.imUa'lly, let the. column voltage. be -V'l 'l C

60'[ log.i.c 0 and. +V c 60'[ log.i.c 1. Only one column need be conb.i.de'led 60'l

the. pU'lpo!>e.06 analyb.ib, b.inc.e. the. data ib mult.iple.xe.d th'lOugh the. column

line. The numbe'[ 06 eHO'[b pe'l p.ixe.i du'[ing a c.yde .ib calculated ab 6011oWb:-

The. numbe.'l 06 N-bit 'lOw-befect patte'll1b which d.i66e.'l 6'lOm the.

N'-b.it data patte.'ln by .i b.itb ib g.ive.n by

c' =
.(

N!

"IN - ')'.{. .{ .
(3.51

In th.ib context, C. giveb the. numbe'l 06 'lOW-betect patten'lb with .i m.ibmatcheb .
.(

The. total numbe.'l 06 m.ibmatc.he.bl = .iCl) a'le. e.qually d.ibt1.ibute.d ove.'l

the N pixelb in the column. Hence, the numbe'l 06 mibmatcheb pe'l pixel

13.6)

N
B. =

.(

whe.n the.'le. ate. .i m.ibmatc.he.b .in the. column .ib g.iven by

iC,
.{

An eXp'lebb.ion 60'l B. in te.'lmb 06 N and i .ib obtained by bubbUtuUng oO'l
.{

C. ub.ing e.qn. (3.5). He.nc.e.,
.{

B.
.{

= .(

N
N:

" IN - ')'.{ . .( . = .i(N - 1)!
"IN - ,),.{ . .{ . (3.1)

Since the. nUmbe.1 06 e.HO'lb .if>the. bame. abthe. numbe.t 06 m.if>matche.b whe.n .i

.ib le.bb than N /2, only thobe. 2(N-1l 'lOW-be.tect patte.'lnb which di.66e.'l6'lOm the
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data patte'ln btj leM than NI2 bitb a'le c.onbide'led he'le. The 'lebt 06 the 2(N-l J

patte'lnb with the numbe'l 06 mibmatc.heb g'leate'l than NI2 alM give the

bame numbe'C.06 enO'lb pe'l pixel with the c.olumn voltage c.oHebponding

to logic. 1.

The numbe'l 06 ({meb a pixel getb a 6avou'lable voltage when the C,.(

wW-belec.t patte'lnb with i mibmatc.heb a'le c.onbide'led ib g.iven btj,

/

whic.h .ib b.impli.6i.edto

(3.8J

A. = (N - IH
.( .i ~(N _ i) ~ (N - i)

= (N - l}!

.i !(N - i - 1)! (3.9J

The bUmmationb 06 A. and B. ove'l i 'langing 6wm 0 to (N~I) give the numbe'l.( .( l-

06 timeb a pixel getb a 6avou'lable voltage and eHO'l 'lebpec.tiveltj dU'ling the

2(N-l} time inte'C.valbc.onbide'led. The maximum value 06 eno'l ib (N-/) binc.e

N ib odd he'le. He.nc.e.,

(N-l )

2 (N - II!A =
~
"(N . l}'i=O

.( . -.( - .

and (N-l J

2
B = ~.

i.(N - 11!

.i!tN - .i) !i=O

(3.10J

(3.111

Henc.e, a pixel will get a 6avou'lable voltage dU'ling 2A time intewalb .in a

c.tjde. S.imila'lltj a p(xel will get an un6avou'lable voltage O'l eno'l dU'ling 2B

time .intewalb in a c.omplete c.tjde. The exp'lebbion 60'l the 'lmb voltage.
ac.WM the ON and OFF pixelb a'le anived at ub.ing the above btatibt.i.c.band

the de6.in.itionb 06 6av.ou'lable and un6avou'lable voltageb.
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and

v ( [2.A.T(V _V)2OFF ,m,J " ,e + 2.B.T IV + V J2] 1/2
N t c

2 .T

(3.12)

(3.13)

The. be.le.ct.i.on 'latio (R) give.n by VON/V OFF bhould be. a maximum, in o'lde.'l

to achie.ve. a good dibC'limination be.twe.e.n the. ON arid OFF pixe.lb .in the.

d.ibplay. He.'le., the. be.le.ct.i.on'lat.i.o .ib a max.imum 60'l

= (3.14 )

He.nce. the. numbe.'l 06 voltage. le.ve.lb .in the. addte.M.ing wave.60'lm .ib jUbt two.

A dc-6'le.e. ope.'lat.i.on .ib e.nbu'le.d .inde.pe.nde.nt 06 the. polat.ity 06 the. 'lOW and

column voUage.b bince. e.ve.'lY 'lOW-be.te.ct patte.'ln hab db comple.me.nt w.ith.in

the. 2N comb.inat.i.onb. He.nce. un.ipola'l addte.M.ing wave.60'lmb w.ith two voltage.

le.ve.lb, .i.e.., 0 and Vb ate. bu66.i.cie.nt .in BAT.

The. maximumbe.le.ction 'latio .ib

R =
VONl'lmb)

VOFFltmb/

= (3.15)

The. be.le.ction 'latio can albO be. e.xp'le.Me.d in te.'lmb 06 A and B ubing the.

'le.lat.i.on give.n be.low.

He.nce.

(A + B) = (3.16)

R
= [ A ]1/2 _ [iN-1l _ B 1/22IN-1J _ A - B]

(3.11)
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Thebe!ec.tion 'laUo 06 BAT ib c.ompa'led wdh that 00 APT (O'l ZAPTJ

ubing Neq ab oo!loWb.

Henc.e,

R
= [ A ] 1/2 [N 1/2 . 1/221N-1)' = 'q + ']_ A N1/2

eq - 1

(3.18)

N!qIBATI = [~~ ~]2
13.19}

The be!ec.Uon 'laUo 00 BAT ib c.ompa'led with that 00 ZAPT in Table 3.3 00'l

di66e'lent valueb 06 N. Zt ib evident that the belec.tion 'latio 06 BA T ib!OWe.'l

ab c.ompa'led to that 00 ZAPT. The value 06 Neq 00'l BAT ib highe'l than N and

thib albO 'le6lec.tb the above obbe'lvation.

VOFF = Vth = fi21N-11 - AI .22]7/2[2IN-1J .V
c.

The'leoo'le,

v c. = [ 2IN-3)] 7/22IN-J) • V_ A th

(3.20}

(3.21J

The maximum bwing in the add'leb'b.ing waVe60'lmb ib 2.V binc.e, the c.olumnc.

voltageb we'le aMumed to be +V and -v . Henc.e, the buppl!f voltage. 601c. c.

thib tec.hnique i.b

VWppl!f [ 2IN-1J ]7/2= 2.Vc. = (N-7) .Vth2 - A
(3.22}



Table 3.3. BAT Vb. lAPT - A c.ompa'libOn

No. 06
PARAMETERS

!.i.neb

Selec.tion 'latio (R)

Neq

Supply voltage nO'lmaUzed to Vth
Vb 1 (BAT)

Duty c.yde

muJ.tipkxed
upI' Y

(N)
BATlAPT60'lBAT
lAPT with a 'le-

xl00%BAT lAPT

['/2 r lAPT duc.ed belec.tionVb l (ZAPT-R)[A/Bl/2

N + 1BAT
'latio (lAPT-R)

uPI' Y

N 1/2 - 1

3

1.7321.93242.0002.9722.449 81.653/41/3

5

1.4831.6181.111.7893.0182.461 12.6911/161/5

7

1.3821.48810.241.106. 3.2692.558 66.6942/641/1

9

1.3241.41413.311.6593.4642.668 62.11163/2561/9

11

1.2861.365 .16.511.6293.6522.178 58.63638/70241/11

~. ,'"

w.-
~
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The bupply voltage 'lequi:tement 06 BAT can a.!.bO be exp'leMed in te'lmb

06 B ab 60UOWb:-

Vbupply
= [2(N-1)] 1/2

. B • V th (3.23J

Hence, the '£Ow and column voltage!! a'le 0 60'l logic 0 and+V (=+V J.c 1£

Vb 601£logic 1. H oweve 1£,the !!Upply voltage 'lequi'lement I£ema..£nbthe bame

he'le, Le., Vb:: V wpply ~ .

The bupply voltage 'lequi'lementb 06 BAT and IAPT a'le albo given in

Table 3.3. It .ib evident that BAT 'lequ.i'le!! a lowe'l !!upply voltage ab compa'led

to IAPT. MO'leove'l the bupply voltage 'lequi'lement 06 BAT dee'leabeb with

N, while it inC'leabeb w.ith N .in the cabe 06 APT and IAPT. Howeve'l,

the beleet.ion 'latio 06 IA PT ib highe 1£than that 06 BAT. The beleet.ion 'latio

06 IAPT can be 'leduced to that 06 BAT in o'lde'l to p'lopedy eompa'le the

Vwpply 06 thebe two techniqueb. Let x be the 'leduced IV/veJ 06 IAPT

and K be the bqua.'le 06 the belect.ion 'lat.io 06 BA T. The value 06 x can

be dete'lm.ined 6'lOm the 6ollow.ing equa.t.ion.

.,.....
. ( ~,

Hence,

(RBA TJ2 = K = Ix + 1)2 + IN - 1)
Ix - 1)2 + IN - 1J

13.24J

x = IK + 1) - h K + 1J2 - IK - 1J 2 N / /2
IK - 7 J

13.25J

The bupply voltage 'lequ.i'led 601£ thib IA PT wi.th a 'leduced beleet.ion lati.o

IlAPT - RJ .ib obta.ined on the .ba.me Uneb ab eqn. (2.78J

. [ ] 7/2
V bupply llAPT - RJ = IV 1£+ VcJ =.~ . Ix+ 1).Vth 13.26J./'Ix-1) +IN-1)
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The. Vbupply 60'1: thib IAPT-R le.ading to the. M.me. be.le.c.tion 'Catio ab BAT

ib albO give.n in Table. 3.3 60'Cc.ompa'Cibon. It ib e.vide.nt that the. bupply voltage.

06 BAT ib 10we.'Ce.ve.n whe.n it ib c.ompa'Ce.d with that 06 the. modi6{e.d IAPT.

Thib ib p'Cima'Cily due. to the. la'Cge. duty c.yde. 06 thib te.c.hnique.. The. pixe.lb

ge.t a 6avoul£able. voltage. dUl£ing 2A time intel£valb in a bingle c.yc.le. He.nc.e.,

the. duty c.yc.le 06 BAT ib,

Duty c.yc.le =
2A

71
= A

z(N-ll
(3.21 )

The. duty cyc.le. 06 BAT if, alM compa'£ed with that 06 IAPT in Table. 3.3.

3.1.4. ViAcuMion

The. me'Citb and de.me.l£itb 06 BAT a'Ce.Ubte.d in Table. 3.4. Thib te.c.h

nique. ib not witable. 60'£ dibplaYb with a lal£ge. numbe.1£ 06 Une.b (N), bince.

the. numbe.1£ 06 time. intel£valb to complete. a cycle. (= 2N) inc.'Ce.abe.b'Capidly

with N. The. 10we.'Cbe.le.ction 'laUo 06 BAT ib not a be.'lioUbpwble.m 6'lom the.

60Uowing conbide.l£ationb : -

Thib te.c.hnique. ib witable. only 60'l a 6maU N,and

- The. c.ont'Cabt 'Catio in the. dibplay nee.d not be. comp'lOmibe.d, binc.e.,

N LC mixtu'Ce.b that a'le buitable. 60'l multiplexing mO'le. than 64 line.b

a'le. available. at p'lebe.nt.

The BAT c.an albo be. ube.d to multiple.x a dibplay with e.ve.n numbe.1£06

WWb by choobing the. column voltage. to cone.bpond to e.ithe'l logic 0 O'l

logic. 1,· when the. numbe.1£ 06 mibmatche.b ib N/2. Howe.ve'l, the. belection

'latio obtaine.d ib the bame ab that 06 the next odd intege.'l, Le., (N + 1J.

A highe.'C be.le.c.tion I£atio ib pOMible., i6 the column voltage. ib chMen to

be mid-way betwe.e.n the. vo1tageb c.onebponding to logic. 0 and logic. 1.



Table 3.4. A-Ie.tit&and Veme'lit& 06 BAT

Muit&

Simple addteHing wave60'lm& with jU&t two voltage leve.l& ;

Standatd CMOS IC& u&able 60t 'lOWand column d'living ;

Natu'lal dc-6'lee ope'laUon ;

Low &upply voltage and dec'lea&e& with inc'lea&e in N ;

Latge. duty cycle

Vemuit6

Not 6uitable 60t multiplexing di&play& with latge N ;

Selection 'laUo lowe.t a& compa'led to IAPT ;

N to be odd.

3.11
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Howeve1, the numbe1 06 voltage Ie velb in the column wave601m will then

be 3 inbtead 06 2. Thib ib not p'le6e.He.d bince. the. main advantage. 06 BA T

will be 10bt. Hence, an additional dummy lOW can be. added Inot connecte.d

to the dibplayJ when N ib e.ve.n. Thib batib6{e.b the. condition that N bhould

be odd.

3.2. HYBRID ADDRESSING TECHNIQUE (HAT)

The hyb1id add'lebbing te.chnique. p1ebented he1e ib an exte.nbion 06

BA T, in 01de.1 to make. it buitable. 601 multiple.xing a la1ge. numbe.'l 06 line.b

INJ. Although the.1e. ib no the.01e.tical limit on the. value 06 N in BA T, the

dU'lation 06 a cycle. (= 2N. TJ inC1e.abe.b 1apidly with N ab d.illcubbe.d in the.

p'le.ViOUll bection. He.nce., BAT ill lluitable. only when the numbe.'l 06 lineb to

be. multiple.xed in a dillplay ill llmall. The. HAT plOpOlle.d in thill be.ction ill

a combination 06 BAT and APT. The. numbe.1 06 time inte1valb to complete

a cycle ib low in HAT all compa1ed to that 06 BAT. Impo'ltant allpe.ctll

06 HAT a1e. analy lled he'le..

3.2.1. Backgtound

The. N add'le.bb line.ll to be. multiplexed in a dibplay can be. divide.d

into non-inte Heeling bubg10upll, whe.n N ib la1ge. Each 06 thelle WbglOupll

c'an be. add'lebbe.d one at a time. ulling the. BAT. Thill ill llimila'l to the. line.-by

fine. add'le.bbing in APT. The. numbe.1 06 time. .inte.'lva.lb to comple.te. a cycle.

ib not h.igh he.'le. 6o'l the. 6011owing 'le.abOnll:-

Only the. llubglOupb a'le. add1e.bbed at a time: and

The. numbe.1 06 add'le.bb Une.b·in the llubgwup llJ llhould be. odd b.ince., BAT .ib

" .
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U-bed to add'le-b-bthem. MO'leove'l N -bhould be an integ'lal multiple on I 60'l

thi-b technique.

3.2.2. Tec.hnique

The data to bedibplayed in the -belected bubg'lOup in any column

i-b an I-bit wO'ld and ib 1ep'lebented by

13.28 J

whe1ein, logic 0 ib 601 an OFF pixel, logic 1 i.-b601 an ON pixel.. The value

06 k 'langeb 6'lOm 0 to llN III - 1] cOHebpondi.ngto the -belected bubg'lOup. Simi

la11y the 'lOw--belect patte'ln .lb an I-bit wO'ld and i.b 'lep'le-bented by

(3.29J

The va'liOU-bbtepb involved in HAT a'le given below: -

.lJ

.iiJ

.lW

.lvl

One bubg'lOupat a time i-b belected 60'l bina1Y add'leMing;

An t-bit wO'ld .l-b cho-benao the 'low-oelect patte'ln;

The. 'lOw-be.lect voltageo a'le chobe.n to be. -v 60'l log.lc. 0 and'l

+v'l 60'l logic 1, while the IN-II unoelected 'lOWo a'le. g'lounded;

The 'lOw-belect and the data patte1no in the belected oubg'lOup

a'le compa1ed b.lt-by-bit ubing d.lgUal compa'lato'lo, v.lz., exclubive-OR

gate.O;

vI The numbe1 06 miomatcheo i betwee.n theoe two patte'lno .lb dete1mined

by counting the numbe'l 06 excluo.lve.-OR gateo with log.lc 1 output;

viJ The bign 06 the column voltage Vc io decided by a majo'lity dec.l.o.i.on.

The column voltage io -v c i6 i ib le.oo than 1/2 and .lo +Vc othe1w.loe.

The cond.ltion i = 1/2 i-b excluded he'le by choobing 1 to be odd.
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The. bte.pb {ivl - {vi} a'le. bim.ila'l to thobe. in BAT and a'le. bUmma'lize.d

ab 60UOWb : -

.(

and

=

1

~ aL.1+· Q:) dkl+j. 1 r<. ff=

{3.301

= {. ne.gative. 60'lpObit.ive. 601:

i < {1/21

i >11/21
{3.31J

vW The. bign 06 the. column voltage. 60'l e.ach column in the. mat'lix ib

de.te.'lmine.d inde.pe.nde.nUq bq 'le.pe.ating the. bte.pb {iv I - {viI ;

viW Both the. 'lOW and column voltage.b a'le. appUe.d bimuUane.oublq to

the. mat'lix dibplaq 60'l a time. dU'lation T ;

.ixl A ne.w 'lOw-be.le.ct patte.'ln ib chobe.n and the. column voUage.b a'le.

de.te.'lmine.d bq ubing bte.pb {iv} - {viI. The. ne.w 'lOW and column

voUage.b a'le. appUe.d to the. mat'lix dibplaq 60'l an e.qual dU'lation

06 time. at the. e..nd 06 T ;

xl The. bina'lq add'le.Ming 06 a bubg'lOup ib comple.te.d whe.n all the. 21

bina'lq patte.'lnb a'le. cove.'le.d ab 'low-bde.ct patte.'lI'lb once. ;

xi} A cqc.le. ib comple.te.d whe.n all the. bubg'lOupb {= NnJ a'le. bubje.cte.d

to bina'lq add'le.Ming once. ;

xiiI The.dibplaq ib 'le.6'le.bhe.dbq 'le.pe.ating thib cqc.le. continuoublq.

The. time. dU'lation T bhould be. bma1l ab compa'le.d to the. 'le.bponbe. time.

06 the. dibp1ay, in o'lde.'l to e.nbu'le. 'lmb be.havio'l 06 the. dibplaq. Apa'lt 6'lOm

the. choice. in the. be.que.nce. 06 'loW-be.le.ct patte. 'In ab in the. cabe. 06 BA T,

the. HAT hab additional 6'le.e.dom in the. manne.'l in which the. bubg'lOUpb
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ate belected ab given below : -

A bubgtoup can be belected with 2j tow-belect pattetnb conbecut.ively

be60'le belecting the bubbequent bubgtoup. He'le j can tange 6'lom

. 1
o to 1. HoweVe'l a ctjcle wUl be completed onltj when aU the 2

'low-lle.lec.t patte.'lnb a'le. cove 'led 601 each bubg'lOup in the. mattix.

The ~e.quence in which the bubgwupb a1e belecte.d can albO be alte'led

ab long ab all the bubgwupb a'le addteMed with BA T.

Although the tmb voltage ill the bame 601 all the cabeb dibcuMed above,

the 6tequenctj componentb 06 the add'leMing wave60tm ate di66etent 601£

eachcabe. The addteMing bequence c.an be belected to buit the dibplay

cha'lacte tibtiCb.

The column voUage.b no'l all the combinationb 06 wW-belect voUageb

and data pattetnb when 1 ib 3 a1e bhown in Table 3.S,ab an example.

Ttjpical addteMing wave.nOtmb On HAT with l:d ate given in Fig. 3.2.

The add'le.Ming wave60tmb on HAT a'le natu'lalltj dc-6te.e llince the bubg'loUPb

ate addteMed with BAT. Eve'ltj 10w-be.lect pattetn hab .i.tb complement_

within the 21 wW-belect pattetnb and hence. the. polatittj 06 the tOW ab

well ab the column voltageb ate 1evetbed within a ctjcle. Thib .i.b evident

6wm the wave.60'lmb acwM the pixel bhown in the. bame Qigu'le. The bequenceb

06 the tow-helect patte'ln a'le albO di66e'lent 601£ the two bubgtoUpb. Thib

ib albO 6hown in Fig. 3.2. It ib evident that the 'lmb voltage aC'lOM the pixel

ib bidepende.nt On the bequence in which the tow-belect patte1nb ate applied

to the 6ubg'lOUpb.
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Table. 3.5,Column voltage.~ 06 HA T 60{ aU the. pOHible. data patte.'ln~
and the. {Ow-~e.le.ct voltage.6

dhl+31

0
000

R'W~~kl"

001100

~e.lect voltage!. dklt" 1 I
0101010

akl+3 ~1t"2 a.klt "'IColumn voltage~
-V'l

-V-V'l -Vc-v-V
tVc-VctVtVct"V'I CC C.C.

-V {

-VItV{ -Vc-V C.tVc-Vc.tVc.-V C.tVc.tVc.

-V

tV{-V'l -V C.tVc-Vc-Vct"VctVc.-Vc.tVc.{
-V

tV{tV{ tVc
-V
-V C.-Vc.tVc.tVc.tVc.-Vc.{ C.

t"V{

-V'l-VI -VctVctVctVc.-Vc.-Vc.-VctVc.

tV{

-V
tV{ tVc.
-V
tVc.
tV-V C.
-V
tVc.
-V{

CC.C.C.

tV{

t"V{-V{ tVc.tVc-VctVc-V CtVc.-Vc-V C.

tV

tV{t"V{ tV
t"Vct"Vc.-Vc.tVc.-V C.-Vc.-Vc.{

c.

Table 3.6
N eq 06 HAT 60{ p{actic.al value.~ 06 1

The. numbe.{ 06 {ow!.
in a ~ubg{oup III

3

5

4NT
64N4r

256N
~
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+ (V,t Vc)

+(V,-Vd
+VC

-Vc
-IV, -Vel

-(V,+Vc)

E!S

E6

E4

E3

IT-- R4

,r--R6o

o

o

+v,

o

+v,

-v,

-v,

+ V,

-v,

+y,

-v,

+IV,+Vc)
+V, nnnn

rI ON +(V,-Vd

0,1111111'

\hl R1-t~

n n r-~-t + Vc-VcV loJu...,,,,,

UIUU U
- (V,-Vc)

- , -(V, +Vc)

OFF
.n ~ nnr-.2

r

0- I I I I

~\--o,~~--l I--

-----
+vcmruLJl . C1-Vc

I.. 1Cyclt --+1 HAT. 1=3

Fi.g. 3.2. Typi.cal add-te.Mi.ng wave.60-tmb 06 HAT, whe.nl =3.
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3.2.3. Anabj!J.&

Let the 'low-belect voltage be -v 60'l log.ic 0 and +V 60'l logic 1.
1£ 'l

The (N -I) 'lOWb in the unbelected bubg'lOupb a'le g'lOunded. SimHa'll!f the

column voltageb a'le -v and +V cO'l'lebponding to logic 0 and logic 1 'lebpeC-c c

t.i.vel!f. The inbtantane.oub voltage. aC'Wbb a pixe.l ib e.i.the.'l IV'l + Vc I O'l

IV'l - Vcl ab bhown in Table 3.1. He'le again, onl!f a bingle column ib conbide'led

60'l the pU'lpObe 06 anal!fbib, bince the data ib multiplexed th'lough the column

line. The btatibticb 06 the. OCCU'l'lence 06 6avou'lable. and un6avou'lable. voltageb

aC'lObb a pixel dU'ling a ctjde can be a'l'lived at in a manne.'l bdn.i.la'l to that

in the cabe 06 BAT.

The numbe'l 06 timeb. a pixel getb a 6avou'lable voltage dU'ling a

c!fde ib obtained ab 60lloWb, babed on eqn. (3.10) :-

(H) (H)
2 2

2 A = 2 ~ A _ = 2 ~ .. (.1 - .1) !.... .{ -
.{ =0 .(=o

Sim.i.la'll!f the numbe'l 06 timeb a pixe.l ge.tb an e'l'lO'l ib obtaine.d b!f 'lew'liting

eqn. (3.11) in te'lmb 06 I ab 60lloWb : -

(1-1) (H)2

. 2

2B = 2 ~

B. = 2~ill - 1 J !
(3.33)-'(I - 0)' i=O

.{

i=O
.{. .( .

The pix-elb get a voltage ±Vc dU'ling 'lebt 06 the. 21~ -1) time. inte'lvalb,

when the cO'l'lebpond.ing 'lOW ib unbele.cted. Hence, the 'lmb voltage. aC'lObb

the ON and OFF pixe.lb a'le ab 60lloWb : -

2 2· N I 2 1/2

= [2.A.r.(V'l+Vc) + 2;:T (V'l-Vc) + 7- - 1J2 .r.Vc]2 'T . T

(3.34)
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and

2 2 N 1 2 7/2

= [2.A.T. (V'l-Vc) + 2.B.T 1V'l+VcJ + 7--7).2 .r.Ve]l 1. T .

••••(3.35)

The llelection 1f.atio (R) given by VON/V OFF llhould be high in o'tde'l to

get a good cont'lallt 'laUo in the. dillpla.y. R ill a maximum 60't the condition

=
[ l~] 1/2 (3.36J

and the maximum llelecUon 'laUo ill

_ [l~f!2 + 2(A _ B) ].1/2- 21~ 1/2 _ 2(A - BJI

(A + B) = 2(1-7)

(3.31)

(3.38J

Hence,

The ~election 'latio~ 06 HAT 60'l two valuell 06 1, i.e., 1 = 3, 5, a1e c.ompa'led

with tholle 00 APT (llame all lAPT) all a ounc.tion 00 N in Fig. 3.3. It ill

clea't o'lOm thill that the llelection 'latio 06 HAT ill lowe't all compa'ted to

t~at 06 APT O'l lAPT. The Neq 06 HAT i& alM evaluated a& be60'te to get

an idea about the pe't60'tmance 06 thill technique in 'telation -to the lltanda'td

APT O'l lAPT.
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)

R =[ ii-!f-jl/2 ,. 21A -81] 1/2= [ IA+BI~) 1/2 + IA _ BJ] 1/2 =2l~J 112 _ 2lA - BJ (A +BH#-J 1/2 - (A - BJl .. 1

The'leno'le,

N = '[ A + B ] 2¢1-J
eq A - B l

[ N'/2 . 1/2eq + ']N'/2 _ 1 '
eq

•••• 13.40J

(3.411

The te'lm within the bqua'le. b'lacketb in the above equation ib the bame

ab the N eq nO'l BA To Thib appea'lb he'le bince the wbg-'lOUpb a'le. wbjected

to bina'lY add'leHi.ng in HAT. The valueb On Neq On HAT nO'l Va'liOUb valueb

On 1 a'le given in Table 3.6. It ib obbe'lved he'le that the value 06 Ne ib. q

highe'l than N and thib con6{'lmb the lowe'l belection 'latio 06 HAT at> compa-

'led to APT lo'l lAPTI.

The exp'leMionb nO'l the 'lmb voltageb nO'l a maximum belection 'latio ib

obtained by bubbt<tuting the condition 06 eqn. (3.36) in eqnb. 13.34J and 13.35J.

Thub,

(3.42J

and

(3.43)

(3.44J

The magnitude 06 the column voltage .c.bdete'lmined by equating VOFF to.

V th' blnce the OFF pixelb a'le biabed nea'l V tho Hence,

[ 21-1 ~J ] 1/2V c = 21 ~) _ 14A _121J ~J1/2· Vth



The. magnitude. 06 V can be. obtaine.d by u6ing e.qn.13.36) a6t

V = [N]7/2. Vtic

3.28

13.45)

The. maximum voltage. 6wing in the. addte.6!>ing wave.60'lm6 06 HAT, a6 e.vide.nt

6'lom Fig.3.2 i6 2V • He.nce. the. 6upply voltage. 'le.quite.me.nt 06 HAT i6 de.te.t'l

mine.d u!>ing e.qn6. 13.44) and 13.45) a6 be.low:-

13.46)

The. !>upply voltage. 06 HAT i6 compa'le.d w.ith that 06 APT a!> we.ll

a!> IAPTin Table. 3.7. It i!> de.at that HAT te.qui'le.!> a lowe.'l !>upply voltage.

a!> compa'le.d to APT and IAPT. Thi!> i!> mainly due. to the. la'lge. duty cycle.

2Al .1
06 HAT 1= -l-) a!> compate.d to that 06 APT O'l IAPT 1= N)' The. latge.

2N

duty cycle. lead!> to a low V /V and he.nce. a low !>upply voltage.. Howe.ve'l,
. 'l C .

the !>ele.ction tat{o i~ lowe'l a!> compa'led to that 06 IAPT. In o'lde'l to have

a 6ai.'l cOmpa'li60n, the!>e two tec.hnique!> a'le compa'led 60'l the bame !>elec

tion tati.o. Let R2 06 HAT be K, the !>upply voltage 06 the IAPT-R having

the bame !>e.le.ction tatio a!> HAT i!> calculated a!> be.60te. The. e.qn!>. 13.26)

i!> 'le.p'lOduce.d he.'le 60'l the bake. 06 conve.nie.nce:-

Vbupply (ZAPT -R) = [ 2N ] 1/2Ix - 1) + IN - 1)

whe'le.

13.47)

x =
(K + 1) - [(K + 1)2 - IK - 1)2 N]1/2

IK - 1)
13.48)

The. !>upply voltage 'le.qui'le.me.nt 06 HAT i!> compa'led with that 06 IAPT-R 60t

va'liou!> value!> 06 N in Table. 3.7. Thi!> .indicate.!> that the. !>upply voltage.

06 HAT ib lowe.t 60'l limite.d value.6 06 N, when the. compati!>on i!> made.

nO'l the. bame. !>ele.cHon 'latio.



Table 3.1. HAT Vb. lAPT - A cOmp£l'liMn

Suppllj vol-

Redu.cedVbuppllj HATSelection Ratio IRI tage 06 HAT
V/Vc

N
I lnotmalized

V .. llAPT_R1X.l00%HAT
IAPT

to Vth' 06IAPT-R&u.pply

3

3 1.1321.9322.0001.00081.65

6

3 1.4411.5432.4811.41595.62

5

5 1.4831.6181.7891.21472.69

10

5 1.3121.3812.3331.71883.73

15

5 1.2461.302- 2.7612.10589.17

20

5 1.2091.2553.1382.43293.80

25

5 1.1841.2253.4662.71496.81

30

5 1.1611.2033.1642.98199.05

1

7 1.3821.4881.1061.40056.69

14

1 1.2521.3152.2661.91716.00

21

7 1.2001.2482.7062.42280.97

28

7 1.1711.2113.0192.19484.42

35

7 1.1511.1863.4093.13286.60

3.29

\
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3.2.4. Vi!J<!.U!J&ion

The me'l.itb and deme.'l.itb 06 HAT a'le. g.(ve.n .in Table. 3.8. The HAT

e.xte.ndb the. BAT 601£highe.'l value.b 06 N and can be. conbMe.'le.d ab an .inte.'l

med.iate. 6te.p be.twe.e.n the. BA T and the. IHAT, d.i6cuMe.d in the. ne.xt 6e.ction.

3.3. IMPROVED HYBRID ADDRESSING TECHNIQUE (lHATJ

The. IH AT p'lOp06e.d.(n th.i6 6e.ct<on .(6 6imila'l to the. HAT di6cuMed

e.a'llie 1£, e.xce.pt 601£the. cho.ice. 06 the. column voltage.6. Thib te.chnique. ha6

the. !lame 6e.lect<on 'latio a6 that 06 the conve.ntional APT 01£lAPT, wh.ich

i6 highe.'l than that 06 HAT. A conbMe.'lable. 'le.duction in the. 6upply voltage.

'Le.qui'Le.ment i6 pOM.ibfe. in IHAT, a6 compa'le.d to IAPT 01£APT. In APT, the.

bupply voltage 'Le.qui'Le.dinC'Le.abe.bwith the. numbe.'l 06 add'Le.M line.6 IN). The.

IHA T p'le,6e.nted he'le, 'le.qui'le.b a lowe'l bupply voltage. a6 compa'le.d to IAPT

e.ven when the. value. 06 N ib la'lge.. lmpo'ltant abpe.ctb 06 IH AT a'le con6i

de 'le.d in thi6 bection.

3.3.1. Ba.ckgtound

The numbe'l 06 voltage. le.velb in the. column wave.6o'Lm i6 'le.6t'licte.d

to jUbt two in BAT and HAT. Howeve.'l, the column voltage. can be. chobe.n

depe.nding on the numbe.'l 06 mibmatche.b (i) be.twe.e.n the. 'loW-6e.le.ct and

the. data patte'lnb. The IHA T d.ibcuMed he'le, ha6 multiple. voltage. le.vel6

in the. column wave.60'Lm and the. choice. 06 the. column voltage. de.pe.nd6 on

the value 06 .i.. Hence, both the. amplitude. and the. b.ign 06 the. column voltage.

de.pe.nd on the value. 06 i in IHAT, while. only the. bign 06 the. column voltage.

ib chobe.n acco'Lding to the. value 06 i in HAT. Thib inC'le.abe.d n'le.e.dom 'lebultb

in the. 60Uowing imp'LoVeme.ntb in IH A T ab co mpa'le.d to HAT:-



Table 3.8. Metit& and Vemuit& 06 HA.T

Muih---
Extenbion 06 BAT 60t high value& 06 N ;

Good pixel btightneu uni60tmity ;

Natuto.l dc.-6tee opuation ;

Lowet &upply voltage tequitement 0.&c.ompated to lAPT

60t limited valuu 06 N ;

High duty c.yc.le 0.&c.ompo.ted to lAPT •

Vemuih

Selec.tion tatio lowet tllan tllat 06 'APT;

Numbet 06 time intetval& to c.omplete 0. c.yc.le highet

than lAPT •

3.31
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A highe1 belec.tion1a-tio ;

A c.onb.i.de1able 1educ.t.i.on in the bupply voltage 1equi1ement ab c.ompa

1ed to lAPT 601 all valueb 06 N by a pr.ope1 c.hoic.e in the value 06

1, and

The value 06 I c.an be odd 01 even ab againbt odd only in the c.abe

06 HAT.

3.3.2. Te.c.hni.que.

The N lOWb to be multiplexed in a dibplay a1e divided into N!l non-

inte1bec.ting bubgwuPb, eac.h c.onbibting 06 I add'LeM lineb. He'Le again, the •

data to be dibplayed in the belec.ted bubg'LOup in anyone 06 the c.olumnb ib

an I-bit wO'Ld 1ep'Lebented by ,

= o 01 1 (3.49)

whe1ein, logic. 0 and logic. 1 'Lep1ebent the OFF and ON pixelb 1ebpec.tively.

The 'LOw-belec.t patte'Ln ib again an I-bit wO'Ld 1ep'Lebented by,

= o 01 1 (3.50)

The value 06 k 'Lange.b 6wm 0 to [(Nil) - 1] c.onebponding to the belec.ted

bUbgwupb.

The 1HAT ib bimila'L to HAT exc.ept 60'L the c.hoic.e 06 the c.olumn

voltage. The Va'LiOUbbtepb involved in lHA T a'Le given below:-

i) One bubg'LOup ib belec.ted at a time 60'L add'LeM<ng ;

i.i.) An I-b.i.t w01d ib c.hoben ab the 10w-belec.t patte'Ln ;

ii.i.) The lOW-belec.t voltageb a'Le -v 60'L logic. 0 and +V 60'L logic. 1,
'L 'L

while the (N-l) unbe.lec.ted 'LOWba'Le g'LOunded ;
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iv J The 'low-belect and the da.ta. pa.tte-'lnb in the belected 6ubg'lOup a.'le

compa.'led bU-by-bU u!ling digital compa.'la.tO'l!l, viz., exclu!live-OR

ga.teb ;

vJ The numbe'l 06 mibma.tcheb i between thebe two pa.tte'lnb i6 dete'lmined

by counting the numbe'l 06 exclu!live. -OR ga.teb with logic. 1 output ;

The btepb (ivJ a.nd (vJ ca.n be bumma.'lized a.b 60Uow!l:-

I

{ = ~ a.kl+i ED dkl+i
1=0

(3.511

viJ The column volta.ge ill choben to be V'., i6 the numbe'l 06 mibma.tcheb{

vii} The column volta.ge 60'l ea.ch column in the ma.t'lix ib dete'lmined

independently by 'lepea.ting the btep!l (iv) - (viJ ;

viii} Both the 'lOW and column volta.geb a.'le a.pplied bimultaneoubly to the

ma.t'lix dibpla.y 60'l a. time. dUI£a.tion T ;

ixJ A new 'lOW-be.lect pa.tte'ln ill choben and the column volta.ge!l· a.'le

dete'lmined ubing btepb (iv J - (vi). The new !£Ow and column volta.geb

a.l£e a.pplied to the di!lpla.y 601£an equal dUI£a.Uon 06 time a.t the end

06 T ;

. xJ A cycle i!l completed when all the bubg'lOUpb (= Nil) a.'le belected

with a.ll the 21 I£ow-belect pa.tte1nb once ;

xiJ The di!lpla.y ib 'le6l£ebhed by I£epea.ting thib cycle conti.nuoubltj.

The time dU'la.tion T !lhould be bmall a.!l compa.'led to the 'le!lpOnbe

time 06 the. dibpla.y, in ol£de'l to enbu1ethe 1mb beha.vio'l 06 the d.i.bpla.y. The
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IH A T hab the bame. 6'le.e.dom ab {n the cabe. 06 HAT {n the. cho{ce. 06 the.

'low-uLe.c.t beqqe.nce. and the. bubg'lOup be.1e.ct{on ab g{ve.n be.low:-

- The. be.que.nce. {n wh{ch the' 21 'lOw-be.Le.ct patte.'lrt'b a'le. appUe.d to

the. wbg'lOup can be. change.d ab in the cabe 06 BAT.

- A bubg'lOup can be. be.Lected wUh 2f 'lOw-beLect patte'll'lb conbecuU

ve1y be.60'le. be.le.cUng the. next bubg'lOup. He.'le., j can 'lange. 6'lOm

o to i..

- The. o'lde'l in wh{ch the. bubg'lOupb a'le. bele.cte.d can alM be. changed

ab long ab all the. bubg'lOupb a'le. bele.cted with aU the. 21 'low-belect

patte 'lnb.

The 'lmb voltageb aC'lOM bimUa'l pixelb a'£e equal in all the cabeb dibcuMed

above, but the 6'le.que.ncy. compone.ntb a'le. d{66e'le.nt {n each cabe.. One 06

thebe combinationb c.an be c.hoben ab the add'£ebbing bequenc.e to buit the

d{bpLay cha'lacte 'libticb.

The c.olumn voltage V. 60'£ the va'liOUb valueb land i a'le given in.(

Table 3.9. The. COIUmYl voltageb he'le a'le no'£maUze.d to V • Ad'leMing wave.o .

60'lmb 06 IHA T with I = 2 and 3 a'le. bhown in F{g.3.4 and 3.5 'lebpecUvely,

. ab typical exampleb. The. natu'lat dc.-6'lee ope'laUon 06 '-HA T ib ev{dent

6'lom the waVe60'lmb ac.'lObbthe pixelb iltubt'lated in Fig. 3.4.

3.3.3. Ana1y6i&

Le.t -V and +V be the 'lOW-betec.t voltageb 06 the I-bit wO'ld. The.'l 'l

(N-l) 'lOWb in the unbetec.ted bubg'lOupb a'le. g'lOunded. Let the, column voltage

be V,, cO'l'lebpond{ng to the i m{bmatc.heb between the. 'lOW-betec.t and column
.( ,

voltageb. Le.t the. b{gn 06 the column voltage be. in-phabe w{th the 'lOW-betect



Table 3.9. Column voltage& 06 IHAT 60t vatiou!> value!> 06 I and i

Column voltage!> cOHe&pondil1g to numbet 06 mi!>matche!> i =

I 0
1234561

2

-10+1-----

3

-1
1

.,.1.,.,-1 3
----

4

-1
1

0
.,.1

.,.,-2 2
---

5

-1
3
1

.,.1 +1.,.,-5 -555
--

6

-1
4
2

0
.,.1-.,.i.,.,-6 -6 66

-

1

-1
531 1

+1 .,.i.,.,-7 - 7-7+-1 11

Table 3.10. Supply voltage tequitement!>

06 lHAT v!>. APT 60t N> l

3.35

No. 06 addte&!>
lil1e& in a
6ubgtoup

2

3

4

5

6

1

V !>uppll/llHA TJ

V6upplylAPTl xl00%

10.11

51.14

50.00

44.12

40.82

31.80
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ROW II + 1

ROW II + 2

Vr+Vo

+Vr
Vo

o
-V2
~r

-{Vr-tV2)

----J
- -.-

L/\JL------....: ----

--.. _ r-.. : ---~
o

o

-Vr

+Vr

-Vr

+Vr

o

-Vr

ROW (j +1) 1+1

+Vr
Vo

+(Vr_V2)
o

-(Vr-Vo)
-V2
-Vr

+Vr

o

-Vr

ON

ROW(I+1)1+2

V2 -_.~: -------- JV1 - - - -- --

Vo - -. - - - - - --

Nt
Vr

=T V, = 0

V2

"1 Vo = -1

A CYCLE

IHAT,I=2

Fig. 3.4. Typic.a! add'le.bbing wave.60'lmb 06 IHAT, whe.n! = z.
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ROW

(I, +3)

ROW

(1+-1) 1+1

ROW

UI+ 2)

ROW

(l +1) 1+2

ROW

(1+1)1+3

ROW

(11+ t)

~Vr

0
dIIIr!

-Vr t~

A CYCLE
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I
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r .,lI> J

- I

SUBSET
SELECTED

It> ]

SUBSETSEl.ECTED

Ni11

I Vo :-1
+10-I.1. -.111 0-1:+1

Vr •• "'3
33 33

V :_..!...

V. : 1/3and V, = 1 JHAT, '=3t 3

~

+Vr

r-l n

I~

0

-,II1I,

-Vr

L...Juu

.~+Vr

--- -
0

-Vr

Fig. 3.5. Typic.al addt"-Ming wav"-60tm& 06 lHA T, wh"-n 1 = 3.
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vo.ttage c.OHebpond.ing to logic. O. The .inbtantaneoub voltage ac.'lOM the p.ixelb

a'le. eithe'l Iv + v·l O'l Iv - V·I.'l'( 'l'(

The numbe'l 06 timeb the i-bit 'lOw-6eleet and data patte'ln6 di66e'l

by i bit6 i6 babed on. eqn. 13.5). Thu6,

C. =
.(

l~
',.rr--Tr ,.(• It - .(1.

13.52)

The numbe'l 06 time6 a pixel get6 a 6avou'lable voltage, when the numbe'l 06

m.i6matc.he6 in the c.olumn .ib .i ib babed on eqn. 13.91 ab g.iven below:-

A. =
.(

11- J)!
.,I' .' .1) ,.(.{-.(- . 13.53J

Simila'lly, the. numbe'l 06 time6 a· pixel get6 an un6avou'lable vo.ttage O'l

eno'l, within the C. 'lOw-6elec.t patte'lnb c.onbide'led ib given below:.(

B. =
.(

i. II - 1) ~

.i ~ 11 - iJ ~
13.54J

The. ON pixel6 get a vo.ttage 06 IV + V·I dU'ling A. time intewa16 and'l'( .(

a vo.ttage IV - V./ dU'ling B. time inte'lvalb out 06 the total C. I= A. + B·It.(.( .( .(.(

time. i.nte'lva16 c.on6ide'led, when the C.oHe.6pond.ing 'lOW i6 6elec.ted. The6e.

p.ixel6 al60 get a vo.ttage IVi. I dU'ling ~ -1)C.i time inte walb, when the

c.one6pond.ing 'lOW i.6 un6eleeted. The 'lm6 voltage ac.'lOb6 the ON pixel

.i6 detetm.ined by 6umming the6e voltage6 60'l all pOb6ible value On m.ibmatc.he6,

i.e., 6ummation ove'l .i n'lOm 0 to 1, a6 60UOW6:-

2 ( i 2 1 2 1 N 2)} i
VON l'lm6) = ~ A·IV +V.) + ~ B·IV -V.J + ~ h-l - l)(A.+B.J V. 12 Nil!.i=O .( 'l'( i.=O ~ 'l'( i.=O .( .( .(

The tm6 vo.ttage ac.t06b an OFF pixel c.an be anived at in a bimUat way ab

6011oWb:-

13.55J
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2 (1 . 2 1 2 1 N 2)/1
UOFF ('tmb} = ~ A.(V -V.) + ~ B.(V +V.) + ~ (T-1)(A.+B.)V. (2 Nil)

. 0 { 't { . 0 { 't { . 0 < {{ {{= {= {=

The. 'talio VONIV OFF &hould be. a maximum in o'tde.-t to ac.hie.ve. a good C.OYl

t'tabt in the. dibplay.

(3.56)

1 2 Nl 2 1
~ (A.+B.)V +,~ (A.+B.)V. + 2 ~ (A.·-B.)V V .
. 0 { {'t <. 0 { {{ . 0 { .{ 't .{.{= .{= .{=

1 2 Nl 2 1
-< (A.+B.)V +,~(A.+B.)V. - 2 ~ (A.-B.)V V.
:<:10 .{ .{ 't <'0 .{ {.{ ·O.{.{ 't.{.{= .{= .{=

(3.51 )

Thi& 'latio i& 06 the. 60'lm

(3.58)

whe.'te.,

2 1 N 1 .2
61 = V ~ (A. + B.) + l-T) ~ (A. + B·hr.

1£ • 0 .{ .{ <. 0 .{ .{.{.{= .{=

. and

1

62 = 2V ~ (A.-B.)V .
.or • 0 .{ .{.{.{=

(3.59)

(3.60)

The. 60Uowing e.quationb mUbt be. Mtib6{e.d 601£obtaining an optimum be.le.c.tion

'latio.

and

= (3.61 )

whe.'le.,

601£ i = 0 to 1 (3.62)

1/ _U1V.
.(

61V
'l

=
I

2V ~ IA. + B.)
1£ i=O { {

N
2f!T).(A. + B.) • V.< { { .{

13.63)

(3.64)



3.40

t
6zv

=2 ~IA. - B·I v.
-'l

i=O.{ .{ .(

and
62V.

=2V IA. -B.)
.{

'l .{ .(

(3.65)

(3.66)

The. 60Uowing 'le.lation ib obtaine.d by bubbtituting 60'l 62, 61 V and 6ZV in'l 'l
e.qn.13.61 )

t
61.2~ IA.-B.)V. =

. 0 .{ .{ .{.{=

O'l

1 t
[2V ~ (A. + B.)]2V ~ (A. - B.JV.

'l·0.{ .{ 'l·0.{ .{.{.{= .(=
13.61)

=
1

2V2 ~ IA. + B.)
'l • 0 .{ .{.(=

13.68)

The. 60Uowing 'le.lation ib we.ll known 6wm the. p'lOpe.'ltie.b 06 binomial co

e.66icie.ntb : -

1
~ IA. + B.)
. 0 .{ .{.{=

He.nce.,

1

= ~ c. =
.i.=0 .(

1 l!
~ i ~Il - iJ!i=O

= 13.69)

= 13.101

The. 60Uowing e.quationb a'le. obtaine.d by bubbtituting 60'l 61V. and 6ZV. in
.{ .{

e.qnb. (3.62)

He.nce.,

N

= z-:r(A. + B.)V·62-t .{ .{.{
13.111

(A. - B.)
.{ .{

IA. + B.)V .
.( .(.(

conbtant 60'l all .Pb (3.121

A 'le.lation be.twe.e.n the. column voltage.b 60'l i and i mibmatche.b can be.

obtaine.d, bince. the. te.'lm on the. 'light hand bide. ib a conbtant in the. above.

e.quation. He.nce.,
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IA. - B.)
,( .{

IA. + B'.JU.{ .{ {
=

IA. - B.)
- f f

IA. + B.)V.
J f J

(3.13)

O'l

(3.14)=

V.{
V

f

(A. - B.) (A. + B.)
{ .( f f

IA. + B.) (A. - B.)
.{ { f f

The. column voltage.b can be. nO'lma.lize.d with anyone. 06 the. column voUage.b.

Howe.ve.'l, .it .ib conve.nie.nt to nO'lma.lize. the.m to V , i.e., the column voltageo

cone.bponding to ze.'l0 mibmatcheb. Subbtituting nO'l A 0 (= 7) and B0 (= 0)

in e.qn. (3.14), the. column voltage. 60'l i mibmatche.b ib,

V.{

IA. - B.)
= .{ {

(A. + B.){ .{

(3.15)

Thih can be. nU'lthe.'l himpli.6i.ed by bubbtituting 60'l A. and B. 6'lOm eqnb.{ {

13.53) and (3.54). He.nce.,

V. ={ 13.16)

It can be. hhown IAppe.ndix 3.a) that

V(l_i)
= - V.{ (3.11)

He.nce., the. column voltage.h 60'l i and Il-i.) mibmatche.b have. the. bame. ampli

tude. and the.y di66e.'l only in phabe. lbign). The. numbe.'l 06 e.no'lb in a column

ib made. to be. the. Mme. 60'l i and Il-i) mibmatche.b in both BA T and HAT by

a p'lOpe.'l choice. 06 the. .pola'lity 06 the. column voltage.. A himila'l condition

ib impobe.d he.'le. by e.qn. (3.11).

The. e.quation (3.68) can be. 'le.w'litte.n ab 60110Wb by bubbtituting 60'£

67 n'lOm e.qn. (3.59):-



2 t N t 2

V ~ (A. + B.) = D ~ (A. + B .)V .
'l . 0 { { .{. 0 { {{{= {=

Howeve'l, V~ ib obtained 6'lOm eqn. (3.75) ab 60UOWb:{

2
'1 (A. - B·I 2v. = {{ V
{ IA. + B/ 0

.( .(

Hence, the eqn. ,(3.781 becomeb

3.42

(3.78)

(3.791

2 t
V ~ (A. + B ..)

'l . 0 .(. {{=

N I
= - ~

t i=O

(A. - Bl
_{_~{_ v2

(Ai + Bil 0

(3.801

The 6oUowing 'letation ib obtained by bUbbtituting 60'l A. and B. 6'lOm eqnb•
.{ .{

(3.53) and (3.54) in the above equation.

2 t i! .
V ~ i! Ii - d.

'I. i=O

(1- II! (1- 2.i.12

i! (i - i)!
(3.81)

It can be bhown (Appendix 3bJ that

t i!
~ i! It - .i.J !
i=O

Hence,

t
= ~. (t - I)! (i - 2i}2
~i=O .

= (3.821

= 13.83)

The belec.tion 'lat.to i6 a maximum 60'l the 60Uowing c.onditionb:-

V
=

N 1/2

'I.

+ -'~V
t 0

and
V.

=(i - 'Ii)
{

i V
0

(3.841

(3.85)

The 6unc.t.i.on 62 6'l.Om e.qn. (3.60) c.an be modi6ied to the 60Uowing 60'lm by
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~ub~t.itut.ing 601 V. {n te1mb 06 A. and B. Ub{ng eqn. (3.75). Thub,, .( .(.(

=
1 1

2V ~ (A.- B.)V. = 2V V ~
1'0.(.(.( 10'0.(= .(=

2
(A. - B.)

.( .(

(A. + B.)
.( .(

(3.86)

=

1t can be bhown (Appendix 3.c) that

2
(A. - B.)

.( .(

(A. + B.)
.( .(

Henc.e,

(3.87)

= (3.88)

Subbtituting 60'l V ubing eqn. (3.84),1

= 21+ 1 N'/2_ V2l 0
(3.89)

The. M~le.c.tion 'latio i~ obtained by ~ub~titut{ng 601 6, and 62 u~ing eqn~. (3.10)

and (3.89) in e.qn. (3.58)

01

(3.90)

R = V ON (1mb)

VOFF (1mb)

=

[ N 1/2+ 1]'/2N1/2 - 1
(3.91)

The beiection 'laUo he.'le, {b the. bame ab that 06 the APT O'l IAPT. Thib ib

the maximum value. pOMible 601 any add1eMing technique [ 69]. HOWe.Ve.1,

the complexity 06 the. column wave.60'lm ib mO'le in IH A T, bince. the numbe.1

06 c.olumn voltage.ll ill (l+ 1) inbte.ad 06 jUllt 2 in HAT. The bign 06 the. c.olumn

voltage. V. ib aMume.d to be. in-phabe. with the. 'LOw-be.le.ct voltage. COHe.~pon-
.(
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d.ing to log.ic o. The.. column voltage..& ate.. n01mai.ize..d to V , whe..te.. -V .i&601·01

log.ic 0 and +Vt .ib 60t logic. 1 .in the.. l-b.it tOW-&e..le..ct pa.tte..'ln. Th.i& .i& g.ive..n

.in Table.. 3.9.

The.. 'lm& voUage..& aCW!>6 the.. ON and OFF p.ixe..l&, whe..n the &e..le..ct.ion

1atio .i&a max.imum a1e.. ab 60Uow&:-

. (3.92)

and

(3.93 )

The.. OFF p.ixe..l& .in the.. d.i&play a1e.. b.ia&e..d ne..a'l V th .in 0'lde..1 to obtain a

good cont1abt mUo. H e..nce..,

01£

= (3.94)

(3.95)

The.. &upply voltage.. 1e..qu,{1e..me..nt .i& de..te..'lm.ine..d by the.. max.imum bw.ing .in

the.. a.dd'le..M.ing wave..60'lmb. The.. amplitude.. 06 the.. 'lOW &e..le..ct voltage.. IV )1
.i& lowe..'l than V 601£ N < l2, .i& the.. ba.me.. ab V 601 N = l2 and.ib g1e..ate..1£.o 0

than V 601£ N> l. The.. column voltage..b 60t .i ~ 0 a'le.. howe..ve..'L lOWe..1 01£o

e..qu.a..l to V (Table.. 3.9)~ He..nce.., the.. &upply voltage.. 06 IHAT .ib cakulate..do

601£two 'lange..&06 N a& g.ive..n be..low:-

(3.96)

and



V
bupp1y IIHA TJ =

He.nc.e.,

2V'l
_ N 1/2
- 2 -1- Vo

3.45

(3.91 J

Voupply llH A TJ = [41 ] 1/2211 _ N-1/2J Vth

and

(3.98 J

(3.100J

1/2

[ 4(N/lI] 2Vb ill llHATJ = -1/2 Vth 60'l N~l (3.99Jupp':J 2( 1 - N J

The. bupply voltage. 06 APT 60'/: a cOmpa'libOn ib obtaine.d 6'lom e.qn. (2.11J

ab 60UOWb:-

[ 1/2] [ . ] 1/2
V. (APTI - 2N _4N

bupply - [2( 1 _ N-1/2 Jl'/2 - 211 - N-1/2 J

The. oupply voltage. 'le.qui'/:e.me.nt 06 lHA T ibc.ompa1e.d with that 06 APT ubing

the. 60Uowing 1atio:-

il 1/2 2
VouPPll/llHATJ _ ~ 601 N~l

~--- - 1 1/2 2 (3.101)
(1J 601 N ';31

It ib e.vide.nt that thib 'laUo ib inde.pe.nde.nt 06 N, whe.n N':312• Thib c.ondition

c.an be. me.t with a p'lOpe.'l c.hoice. 06 1 601 a give.n N. The. bupply voltage.

'le.qui'le.me.ntb 06 lHAT 60'l va'liOub value.b 06 1 (N ':312J a'le.· c.omplHe.d with

that 06 APT in Table. 3.10. F'lOm thib table., it ib de.a1 that lHAT 'le.qui'le.b

a lowe.1 oupply voltage. ab compa'le.d to APT.

The. lAPT ib popula'l at p'le.be.nt, due. to itb lowe.'l bupply voltage. 1e.qui'le.-:

me.nt ab compa'le.d to the. APT. He.nce., the. bupply voltage. 06 lHAT i6 albO

c.om~xHe.d with that 06 lAPT.
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The bupply voltage 06 IAPT ib 'lecaUed 6'lOm equation (2.18)

(3.102)

(3.103)

The bupply voltage 'leqlli'lement on IHAT ib compa.'led with that On IAPT nO'l

Va'liOUb valueb 06 Nand 1 in Figb. 3.6 and 3.7.

a'le evident n'lOm thebe 6igu'leb .:-

The 60Uowing pointb

The 'leduction in the t.upply voltage it. maximum when N = 12, and

It ib pOMible to achieve a conbide'lable 'leduction in the powe'l bupply

voltage. ab cqmpa'led to IAPT by a fYlope'l choice 06 the value 06

Table 3.11 giveb the. value 06 1 leading to a good 'leduction in the. bupply

voltage 601£a wide 'lange 06 valueb 06 N. F'lOm thit. table. it it. dea'l that

IH A T with 1= f ib quite adequate 60'l a wide 'lange, ebpedaUy 60'l high

valueb 06 N (N > 49). The bupply voltage. inC'le.abe.b with N in gene.'lal. It

ib impo'ltant to note that IHA T 'lequi'leb a conbide'lably lowe'l bupply voltage

ab compa'le.d to IAPT, e.ven whe.n a 6e.w thoUband Une.b a'lemuU.i.plexe.d.

3.3.4. Vi/)cu/)Mon

The me.'litb and deme'litb 06 IH A T ab .compa.'led to IAPT a'le given in

Table 3.12. IHAT 'lequ.i-'leb a lowe'l t.upply voltage. ab compa.'led to IAPT,
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Table 3.11. Po~~ible value~ 06 I, 60t di66e.tent N leading to a

good teduction in the l>upply voltage tequi'rement

V l>upply II H A Tl

No. 06 vol-No. 06 time

N

i x 100%tage level~mtetvall>

V~uppiy llAPT)

in the
m a cycle 06

add'lel>&ing
(lHATJ/(lAPT

Vth con&tant

wave6o'lml>

4

2 94.28 31 ..9
3 86.60 54/3

12

3,4 89.60 1,84/3, 8/4

16

4 80.00 5: 8/4

20

4,5 81.13 8,98/4, 16/5

25

5 14.54 116/5

30

5,6 15.63 9,1016/5, 32/6

36

6 69.99 132/6

42

6,1 10.14 10,1132/6, 64/1

49

1 66.14 964/1

10

1 61.52 1164/1

140

1 69.10 1164/1

280

1 71.33 1164/1

560

1 12.59 1164/?

1120

., 13.40 1164/1

2240

., 14.03 1164/?

4480

., 14.48 1164/?



Table. 3.12. AIe.1itb and Ve.me.1{tb 06 lHAT ab compa1e.d to lAPT

Muit.\

,

Good 1e.duction in bupply voltage. p066ib1e. by PWpe.1
choice. in the. value. 06 I ; .

Be.tte.1 pixe.l b1ightne.H uni601mity by choobing bcanning

be.que.nce. to match dibplay cha1acte.f.ibticb ;

Highe.f. duty cycle. •

Ve.me.f.itb

Numbe.1 06 voltage. le.ve.l!. in tile. column wave.60f.m!. ib \1+ 1/

again!.t 60uf. in lAPT ;

Numbe.f. 06 time. inte.f.Vci1!. to comple.te. a cyde. highe.f. by a

6ac.tof. [2\1-11 III .

3.50
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ellpec..i.allynO'l a high value On N. Howeve'l, the ha'ldwa'le complexity On lHAT

inC'leallell with I, llince 11+ 1) llwitchell a'le 'lequi'led in each column d'live'l

to gene'late the column WaVenO'lmll.

3.4. IHAT - SPECIAL CASES llHAT-SJ

The 1HAT p'lellented in the p'levioull llection ill well lluited nO'l multi

plexing TNL CD ll, whe'lein the !>elect.i.on 'latio i!> an impo'ltant pa'lamete'l.

Howeve'l, di.llpla.yll balled on SBE exhibit bteep electw-optic. cha'lacte'lillt1.cll.

Hence, a llelection 'latio ~owe'l than that On IHAT O'l lA PT i!> acceptable

he.'le. Thill nacil.i.tatell a 'leduction in the ha'ldwa'le all the numbe'l On voltage

Ie velll in the column WaVenO'lmcan be 'lellt'licted a!>in the calle On HAT. The

t'lade-onn between the ha'ldwa'le complexity and the 'lellulting !>election 'latio

all well all the bupply voltage 'lequi'lement ill analyzed in th.ib !>ect.i.on.

3.4.1. Bac.kg'lound

The numbe'l On voltage level!> in the column WaVenO'lm Inc) can

be 'lebt'licted by gwuping the numbe'l On mi!>matcheb (.i.) and aMigning a

column voltage nO'l each g'loup. The value On n can be 'lellt'licted to 3c

in the calle On even I and 4 in the calle On odd I inlltead On 11+ 1) .in the

calle On IHA T. Thill leadll to a lowe'l llelection mtio all compa'led to that

On lH AT. An optimum gwuping 06 millmatche!> with a minimum deg'ladation

in the llelection 'latio, c.an be a'l'lived at by an exhau!>t.i.ve bea'lch 06 all

the pOM.i.blegwup.i.ng!>60'l each I.

3.4.2. Tec.hnique/)

The technique 60'l even valuell 06 I will be 'le6e'l'led to all IHA T-S3,

!>ince the numbe'l On column voltage!> ill 'le!>t'licted to 3 he'le. Thi!> technique
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ib bimila'£ to IHAT except 60'£ the choice 06 a column voltage IV e) ab given

below:-

- V60'£o~ i ~ mm

Vc

=i0 60'£m<i< Il-ml 13.1041

+V

60'£ Il-m)~i ~ 1m
,

The numbe'£ 06 column voltageb ib '£et.t'£icted to 4 in the cat.e 06

odd valueb 06 1 and will be -te6e'l'led to ab IHAT-54. He-te again, the technique

it. t.imiia'£ to IHAT except 60'£ the choice 06 a column voltage IV c' ab given

below:-

- Vml
60'£ o~ i ~ ml

- V

60'£ ml<i<If/2)

Vc

=.~ m2 13.1051
+ Vm2

60'l (1/2) < i < Il-m 11

+ V

ml
60'£ Il-m1l ~ i ~ 1

3.4.3. J\~hi&

Cabe 1: IHAT-53

Th'£ee g-tOUp'b, cove'£ing the '£ange 0 to 1 a,£e 60-tmed when the value

06 1 ib even- and a,£e '£ep'£ebented ab given below:-

IO,I, •••,ml; (m+l, ••••••,l-m-:-1J; Il-m; •••••, II, 13.1061

The numbe-t 06 ent-tieb in the Oint and the labt g'lOUp a,£e choben to be

equal he'le bince the numbe'l 06 e'l'lO'lt. can be minimized by a p'lOpe'£ choice

06 the pola-tity 06 the column voltage. Thib ib bimila'£ to the othe'£ techniqueb

dibCUMed ea-tlie'£.

Let the column voltageb be V9 l' Vg2 and Vg3 -tebpect.i.vely 60'l the

th'£ee g-tOupb. The 60Uowing conbt-taintb a-te impobed on thebe voltage6 ba6ed
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on the anaiYb.ib 06 IHA T :

Vgl
::- V ;

Let IVgll
::

/Vg3/
::IVml (3.107)

g3
and

Vg2

::0 (3.10B)

Only 2(1-1) 'low-belec.t pattetnb leadi.ng to i ~ W2} ate c.onoideted hete,

60t the putpObe 06 anatyoib. Let the tow-belec.t voltage be -V not log.ic.t
o and +V oOt logic. 1 .in the 'lOw-belec.t pattetn. Hete again, the inbtantat

neoub voftageb ac.'lObb the pixelb ate daboi6.ied ab navoutable Ot unnavoumble

ab given below:-

The voltage IV + V l.ib oavoutable nOt an ON pixel and unoavoutable'l m

00'l an OFF pixel; and

The voltage IV - V I ib oavoutable OOt an OFF pixel and unoavoumble'l m

60t an ON pixel.

A pixel in the belec.ted 'lOW getb a oavou~ble voltage duting A.i time

.inte'lVaib and getb an un6avou'lable voltag. e dU'ling B. time intelvaib, when C ..{ .{

'lOw-belec.t patte'lnb with i mibmatc.heb ale c.onbide led. The eXpleMionb

001 A. and B. ate 'lep'loduc.ed below o'lOm the eqnb. (3.53) and (3.54) 601
.{ .(

the bake on c.onvenienc.e.

13.109)

(3.110)

A pixel in the unoelec.ted 'lOW getb a voltage IV I 00'l the time .intewaibm

given below:-
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The. 'laUO (VON!V OFF! ohould be. a max.imum .in o'Lde.'Lto obta.in a good d.ioc.'l.i

m.inat.ion be.twe.e.n the. ON and OFF p.ixe.1o. The. p'Wc.e.du'Le..io o.imUa'L to

that 06 IHA T and .(6 g.ive.n .in Appe.nd.ix 4. The. 6e.le.c.Uon'LaUo .i6 a max.imum

whe.n the. 60Uow.ing c.ond.it.ion .ib oat.ib6i.e.d:
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[ C:"N t2
!

V'l (V
=

211-111m
whe'le m

.m
C*

=
i~OIA. + B.)=~ C.

m
.( .(

. 0 .(.(=

13.120)

13.12 n

The maximum belect.ion 'latio ib given by the 60110wing exp'leMion:-

[ lC~N)I/2 + ( A ~ )1/211/2

I ;u:rr .
= C* N / A2 1n

[T )1 2_ LIl-o ]

13.122J

whe'le,

II - 1) !
= m! (I - m)!

(3.123J

(3.124)
[ N 1/2. 1/2eq+ 1 ]N 1/2

e.q-1

The be.le.cUon 'laUD 06 thib te.chnique. can be. compa'le.d with that 06 APT,

lAPT an~ lHA TUbing Neq ab 60UOWb:-

[ [C ~ N) 1/2,_ A~ .] 1/2

1· + ~(1-1I

R = -C-*-N---A-2--1/2
. ~)1/2 ( m]l u£_ - 2(1-1)

O'l

= (3.125)

The valueb 06 Neq 60'l Va'liOUb pOMible g'lOupingb when 1=4· and 6 a'le given

in Table. 3.13, ab typical exampleb. The. value.b 06 Ne.q ib gteate'l than N ab

bhown in thib table. Thib indicateb that the belecUon '[atio ib lowe'l than that

06lHA T, when the value. 06 n .ib 'lebt'l.i.c..ted to 3. The bebt pOM.ible g'lOup.ingc

60'l each 1 ib .indicated by an abte'l.ibk in Table 3.13. The belect.ion 'lat.iob 06

lHA T-S3 with thebe. be.bt pOMible gwupingb a'le. compa'led with thobe 06



Table 3.13. Va1iou~ pOHible gwuping~ 06 mi~matche.~ in

IHAT-S3 - A c.ompatibOll

Gwuping 06

Patame.te.u
Row-~electBe~t

mi~matche.b IiI voltage
gwup-

601 de.ciding A
c*nO'l.malize.dN e. ing

column vol-
mm

to Vm
q 60'1.

tage

each I

4

10,1/12/13,41 3515N )1/2ION*32 -9-

4

(01 (',2,31141 11IKI1/2
2N32

6

1O,I,2Jl3)(4,5,6J 1022111N J1/288N*96
"""T5

6

(0,1112,3,4J(5,6J 51(1N 1112 112N
192

75
6

(0)( 1,2,3,4,5lt61 11IJ::L11/2 3m
192

-6--

3.56
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IAPT, nO'll = 4 and 6 in Tableb 3.14 and 3.15 'lebpective.ly. The 'lmb voftage

aC'lOM the ON and OFF pixelb when the belecUon 'Catio ib a maximum,

au given below:-

[ {JnNt21(T Nt2

2

IAm (l21 r+ 211-1JVON (1mb)

= . V(3.126)

211-1) N

m

Tand C* N 1/2 C* N 1/2A~ 1/2/ 1/2

[21.( III 'F ]
- 121T-fT] ]

VOFF l'lmb)

= , Vm13.121)

211-1J J:{
1

•
The OFF pixelb a'le ubually biabed nea'C VthO Hence, Vm

ib dete'Cmined in

te'Cmb 06 Vth ab 60UOWb:-

= 13.128)

Thub,

(3.129)=

[ 211-2) ~) ]'/2

[c:n N)'/2 ( [c:r, ~ )'/2 [A ~ ]'/2)1 1 - 211-1J

The bupp1y voltage ib dete'Cmined by the maximum voltage bwing in the

Vb 1 (IHAT-S3)

2V
211-1J 1

=
60'[ N ~ ( C*· )upp y

m
m

Vbupp1y (IHA T -S3)

2V
2(1-1) 1

=
60'1: N~I c*· )'[ m

(3.130)

(3.131)

Hence ,



Table 3.14. lHAT-S3 (with l=4/ V&. lAPT - A compafiwn

3.58

N Selection tatio 06
Neq

VReduced
Vb lPHAT-S3/buppl!! V/Vc

upp ( xl00%

IHAT-S3

06
06

V& l (lAPT -R)with 1=4

lAPTlHAT-S3IHAT-S360tupp !f
lAPT-R

4

1.6751.7324.4442.4671.44290.32

8

1.4181.4478.8892.4532.03981.13

12

1.3241.34613.3332.8752.49786.35

16

1.2741.29117.7783.2382.88389.79

20

1.2401.25522.2223.5633.22392.30

24

1.2171.23026.6673.8583.53/94.'24

28

. 1.199 .1.21131.1114.1303.81495.81 .

32

1.184/./9635.5564.3854.07797.09

36

1.1731.18340.0004.6244.32598.22

40

/./63/./7344.4444.8514.55899./8
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Table 3.15.lHA T-S3 with Il= 6J vb. lAPT - A cOmpa'liMn

N

Selection 'latio IRI 06
Neq

V Reduce.d
Vb 1 llHAT-S31 .bupply V/V c 06

upp 1/ ~

lHAT -S3

lAPT06
06 V (lAPT_Rlx100•

lHAT-53

lHAT-53IAPT-Rbupply

6

1.48'11.5437.042.1611.63377.85

12

1.3141.34614.08·2.3352.31072.62

18

1.241/.21221.122.1692.82916.89

24

1.2101.23028.163.1403.261. 19.61

30

1.18551.20335.203.4683.65381.69

36

1.1681.18342.243.1664.00183.25

42

1.1541.16849.284.0404.32284.50

48

1.1431.15656.324.2964.62085.55

54

1.1351./4163.364.5314.90086.43

60

/.1211.13910.404.7655.16681.18

90

1.1031.112105.605.1656.32689.89

120

1.0881.096140.806.6091.30591.53

150

/.0181.085116.001.3548.16192.11

300

1.0551.060352.0010.21811.55095.17



[C* N] 112 (1-1) 1
2 (;1) . V m 60"l N ~ (2 C* • )2 .l m

V
6upply l1HA T-S31

2V
m

2(l-1I l
60'C N ~ ( r*')

m

3.60

(3.132)

Since the be.iection 'latio ib 10we'C than that 06 lA PT the bu.pply voltage

l£equi.'Cement 06 the pl£ebent technique ib compa.'C,?d 601£an equal 6elecUon

''CaU.o. Thib ib pOMible by l£educing the (V IV ) 6wm the optimum value
1£ c

06 IN) 112 06 IAPT ab dibc.uMed in bec.tion 3.1.3. The exp'leb6ion 001£ thib

ib l£epwduced 61£omeqnb. (3.26) and (3.25) hel£e, 601£l£eady l£e6el£enc.e.

V
bupply (lAPT - R I

whe 'le

[ N ]1/2(x-1)2 + (N-1) • (x+1I,Vth
13.133)

and

x = (K+1) - flK+1)2_IK-1J2 Nll2
IK-1)

K

(3.134)

(3.135)

i.e., the bqua'le 06 thebelection 'laUo 06 the technique being compa'led

with IAPT.

The 6upply voltage 'lequil£ementb 06 IHA T -S3 al£e compal£ed in Table6

3.14 and 3.15 with that 06 lAPT 1601£equal value R), when l = 4 and 6

'Cebpecti.vely. The gl£ouping hel£e ib 601£ the be6t pOMible belection l£atio

ab indicated in Table 3.13. The numbel£ 06 voltage levelb in the column wave

601£mbib l£educed to 3 6wm , 06 lHA T when 1 = 6. It ib evident 6wm Table

3.15 that the bupply voltage i.6 lowel£ than that 06 lA PT ,601£ a wide l£ange

06 N, even when Iv IV ) 06 lAPT ib l£educed to mak.e the belecti.on l£atio
1£ c

equal.
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CaAe. 2: IHAT-S4

The 60u'L g'lOUpb cove'Ling the enti'Le 'Lange 06 mibmatcheb, i.e., 0 to 1,

when the value 06 N ib odd a'le 'lep'lebented ab given below:-

. 1-1 1+1
(0,1, ••• , m1J; (ml+l, ••••'T); 7' ....,1-ml-1J; ll-ml, ••••, 1} (3.136J

The nu.mbe'l 06 ent'Lieb in the O{Ht and the labt g'lOu.p a'le. the Mme. Simi

la'lly, the. numbe'l 06 ent'lieb in the middle two g'lOu.pb a'le the. bame. nO'l

the 60Uowing 'leabon: The numbe'l 06 u.n6avou.'lable voltageb in a column

can be made the bame 60'l i and (l-i) mibmatcheb by a p'lOpe.'l choice. 06

the pola'lity 06 the column voltage. Let the column voltageb CO'l'le.bponding 

to thebe g'lOupb be U9 l' Ug2' Ug3 and Ug4 'lebpectively. The 60Uowing con

bttaintb a'Le impobed du.e to the above g'lOu.ping ab in the cabe. 06 IHAT:-

=
- Ug4 ;

(3.137J

and

(3.138J

Only 2(1-1J 'low-belect pa.ttetnb with i ~ (l/2J ate conbide'led he'le 60'l the

pU'lpObe 06 analYbib, bince the e'l'lO'l can be made leM than (1/2 J by a p'lope'l

choice 06 the pola'lity 06 the column voltage..

Let the tOW voltage be -v 60t logic 0 and +U 60t logic 1, in thet 'l

13.139J=

The 'lmb voltageb aCtOM the ON and OFF pixelb can be. a'l'lived at

6'lOm the btatibticb 06 the inbtantaneOu.b voltage aCtOM the p{xelb ab be6ote.

[b1+ b2 + b3 ] 1/22(1-1) }{1



and

VOFF ('lmb)

3.6Z

13.740)

(3.7471

13.742)

(3.743)

(3.744)

(3.745)

The befecLeon 'latio given by (VON/V OFF) bhould be a maximum in o'lde.-t to

obtain a good cont-tabt 'laUo in the dibpiay. The Mepb involved in the maxim.i.za

t.ion On thib 'latio a'le bimHa'l to thobe On IHA T and a'le given in Appendix 5 •

The column voltageb Vm 7 and VmZ ate. irzte'l-'le.lated ab given below, 60'l a

maximum befe.ction 'latio:-

whe'le

VG
= EF V m7

(3.146)



v =
ml

~ IA.+B.)
. 0 .(.(.(=

=
ml

~
i=O

c.
.(

3.63

(3.14,)

E =

#)
. 2

~ IA. + B.)
i=lml+1) .( .(

=

11-1 )
2

~
i=lml+1)

c.
.(

13.148)

F =
ml

~
.(=0

IA. - B.)
.( .(

13.149)

and

G =

#)
2

.~
.(=lm1+1)

(A. - B.)
.( .(

13.150)

The exp'leMion 6o'l (V IV ,) c.o'l'lebponding to the maximum beleetion 'latio'l m

ib ab given below:-

=

[ VN ]'122(l-1) xFl
13.151)

The maximum be.le.et.lon 'laUo unde.'l the.be eondit.ion4 ib ab 6ollowl>:-

= V ON (n!'b)

VOFF ('lmb)

(3.152)

An e.xp'le.M.ion 60'l Neq 60'l thib te.ehnique. ib obtaine.d ab be60'le by equating

R to the. btanda'ld 60'lm 06 be.le.etion 'latio 60'l APT, IAPT and IHA T. Thul>,

[ N 1/2 +:rR

= eq

N 1/2 _eqO'l

Ne.q

211-1,) VE N

= (EF2 + VG2) 1
13.153)

(3.154)
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The. N 60'l Va'liOU6 gwuping6 whe.n 1=5 and 1 a'le. give.n in Table. 3.16 a6
e.q

typical e.xample.6. The. 6e.le.ction 'lati06 06 the. p'le.6e.nt te.chnique. a'le. compa'le.d

with th06e. 06 lAPT 60'l 1 = 5 and 1 in Table.6 3.11 and 3.18 'le.6pe.ctive.ly. It i6

e.vide.nt nwm thi6 table. that the. 6e.le.ction 'latio i6 lowe.'l than that 06 lAPT

6ince. the. value. 06 Ne.q ib highe.'l than N. The. be.bt g'1.OUping6le.ading to a mini

mum de.g'ladation in the. 6e.le.ction 'latio a'le. indicate.d by an a6te.'li6k in thi6

table..

The. 'lm6 voltage.6 aCWM the. ON and OFF pixe.l6 60'l a maximum 6e.le.ction

and

_ [EF2 + VG2)1/2) ]1/2

-1£-11 __

Vm1

•••• 13.156)

The. OFF p.ixe.l6 a'le. ubuaUy bia6e.d ne.a'l Vth' in O'lde.'l to obtain a good cont'la6t

'latio in the. dibplay. He.nce., V m 1 i6 de.te.'lmine.d in te.'lmb 06 Vth by e.quating

V OFF to V thO Thub,

The. 6upply voltage. i6 de.te.'lmine.d by the. maximum voltage. 6wing in the. add'le.

!>bing wave.60'lmb. The. bupply voltage. 'le.qui'le.me.nt 06 the. p'le.6e.nt te.chnique.



Ta.ble 3.16. Va.'C..iouhpoM.ible g'C.Oupingb 06 m.ibma.tc.heb .in IH AT -S4 - A c.ompa.'C..ibon

1 G'C.ouping 06 mih- Pa.'C.a.mete'C.bROW-belec.tColumn votta.geb
Neq

Beht

ma.tc.heb Ii) 601.
volta.ge g'C.oupmg

dec.iding the
V

EFGIV'll
Vg1Vg2Vg3vg4 601. ea.c.h

c.olumn volta.ge

1

5

(0,1)(2)(3Jl4,5) 61042(69N) 1/2 - 1
3

3
+ 1

24N
*800

-TO+10 23
5

(0)( 1,2 )(3,4)(5) 11515~)1/2 - 1
1

+1+ 1
6N

30
-13 T

"1

10,1,2Jl3J(4)(5,6,"1)2935155( 124?N) 1/2 - 1
29

29
+ 1
232N

*1"1640
- 105+105 2f5

"1

10,1)(2,3)(4,5)(6,"1) 856614 (~J/2 - 1
1

1
+ 1

8N

-}
+- T63 3

"1

(0)( 7,2,3)(4,5,6)("1) 163119 I 53N) 7/2 - 1
79

79
+ 1

?2N

3528
- 63+61 53

V.l.
0
V1
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Table 3.11. /HAT-54 lwith l=51 vl>. lAPT - A compa'lil>on

N

Selection 'latio 06
Neq

V
Reduced Vb f (/HAT-S41bupply upp I} ~

/HAT -S4

lAPT06
06v/vc06 V llAPT-R)xIOOo

lHAT-S4

IHAT-S4lAPT-R bupply

5

1.599 1.6185.2112.8121.818 98.49

10

1.377 1.38710.4352.5922.571 77.72

15

1.295 1.30215.6522.8343.001 77.59

20

1.249 1.25520.8703.2003.636 78.63

25

1.219 1.22526.0873.5264.065 80.46

30

1.198 1.20331.3043.8264.453 81.81

35

1.182 1.186 .36.5224.0964.935 83.00

40

1.1691.11341.1394.3515.142 83.93, 45
1.158 1.16246.9514.5915.454 84.12

50

1.150 1.15352.1144.8185.149 85.40

60

1.135 1.13962.6095.2416.291 86.52

10

1.125 1.12813.0435.6316.802 81.41

80

1.116 1.11983.4185.9941.212 88.14

90

1.109 1.11293.9136.3361.773 88.15

100

1.1031.106704.3486.6598.130 89.28

200

1.0121.013208.6969.21177.491 92.24

300

1.0581.060313.04311.21814.081 93.61

400

1.0501.051411.39112.91116.260 94.45

500

1.04481.045852/.13914.462/8.119 95.03
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Table 3.18. lHAT-54 (with 1=1) v6. 'APT - A compati60n

N

Selection tatio 06
NeqV tJupply

Reduced
VtlU I (lHAT-54)

V tlVc 06

pp £f 100~

'HAT -54

'APT06
06 V \lAPT-R) x. "

lHA T-$4

'HAT-54lAPT'-Rtlupply

1

1.4641.4881.5532.5212.004 83.95

14

1.30101.31515.1072.3332.835 65.77

21

1.2381.24822.6602.1563.412 68.12

28

1.2021.21130.2143.1274.009 70.84

35

/.118/.18631.1613.4564.482 72.37

42

/.161/.16845.3213.1544.910 73.54

49

1.1481.15552.8744.029'5.303 74.47

56

1.1381.14460.4284.'/.855.669 75.24

63

1.1301.13567.9814.5266.013 75.90

70

/.1231.12815.5354.7546.338 76.45

140

1.08501.0884151.076.5998.964 79.63"
210

1.06881.0716226.608.01710.978 81.13

280

1.0593/.0611302.149.21312.671 82.04

350

1.05291.0550377.6710.26814.173 82.68

420

1.04811.0500453.2111.22115.526 83.16

490

1.04451.0462528.7412.09216.770 83.54

560

1.04151.0432604.2812.91517.928 83.84

630

/.0391/.0401619.8113.68119.015 84.10

700

1.03711.0385755.3514.40720.044 84.31

1050

1.0302/.03141133.02/1.58424.548 85.05

1400

1.02611.02711510.7020.26228.345 85.50
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ib ab given below:-

V izv
bupply llHAT-S4J = ml

ZV
'L 60'L V'L~Vml

13.1581

The voltage V'L ib g1eate1 than Vml when .the 60Uowing c.ondition ib batib6-!ed:-

H enc.e,

(3.1591

V
bupply llHA T -S41

13.160)

The belec.tion 'latio 06 IA PT ib highe'l than the p'lebent tec.hnique. The bupply

voltage ,'le.qui'le.mentb 06 lHAT-S4 ib c.ompa'led with lAPT-R, having a 1educ.ed

1V/V c.1 and a be.lec.tion 'latio equal to the p'lebent tec.hnique ubin g eqnb. 13.133)

(3.135).

Tableb '3.1 f and 3.18 alba c.ompa'Le the bupply voltage 'lequi.'lementb 06

IHA T-S4 when 1= 5 and f 'le.bpec.ti.vdy. Thi.b c.ompa'[i.ban ib done 00'l an equal

belec.ti.on 1aNo ab dibc.uMed above. It ib evident 6'lOm thebe tableb that the

wide 'Lange. 06 valueb 06 N. The numbe'l 06 voltage levelb when I ;: f hab been

'leduc.ed to 4 ab c.ompa'led to 8 in IHA T. It ib evident O'l.Om Table 3.18 that

the bdec.tion 'latio ib c.1obe to that 06 lAPT O'l lHAT, although the'le ib a 50%

'[educ.tion in the c.omplexity 06 the c.olumn d'liveu.

3.4.4. Vi6cu6Mon

lHAT-S c.an albo be Ubed to multiplex. TNLCVb i6 a belec.tion 'lati.o lowe'L
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but c.10!>e.to that 06 IAPT i!> ade.quate. 60-t a give.n application. The. lowe.'l

!>upply voltage. 'le.qui'le.me.nt 06 1HAT -S ab compa'le.d to lA PT make.b it att'lac

tive. 60-t !>uchapplicationb.

3.5 A COMPARISON

The. lAPT hab be.come. a btanda-td te.chnique. 60'l multiple.xing LCVb at p'le.be.nt,

due. to it!> low !>upply voltage. -te.qui-te.me.nt ab compa-te.d to APT. He.nce. the.

ne.w add'le.Ming te.c.hnique.b a'le. c.ompa'le.d with lAPT in Table. 3.19.

The. BAT ib bu.i.table. 60'l multiple.xing dibp.ta.yb with a Mngle. 'lOW 06 c.hamc.

te.u due. to itb bimple add'le.Ming wave.60-tmb. The. HAT be.-tVe.!>a!> a link be.t

we.e.n BAT and IHAT. The. IHAT ibe.bpe.c.ially buite.d 60'l multiple.xing dibpta.yb

with la.-tge. N, due. to itb low bupply voltage. -te.qui-te.me.nt a!>c.ompa-te.d to lAPT.

Howe.ve.'l, the ha.'ldwa'r.e c.omple.xity inc.'r.eabeb with 1. The ha'ldwa'le c.omplexity

06 IHAT i!> 'le.duc.e.d in IHAT-S3 and IHAT-S4. The. bUpply voltage.!> 06 the.!>e.

te.c.hniqueb a'le. alba lowe.'l ab c.ompa'le.d to that 06 lAPT.

HA n p'lOpobe.d .in thib the.Mb 'r.e.qui'r.e.N to be. an .integ'r.at multiple 06

I. Thib c.ondition ib impobe.d to 'r.e.duc.ethe. numbe.'r. 06 time. inte.walb to c.om

ple.te. acyde.. Howe.ve.-t dibpla.y!> whic.h do not me.e.t thib Condition can al!>o

be. add'le.Me.d with HA n by adopting ciny one. 06 the 60110wing app'lOache.b :-

Additional dummy 'lOWb (not c.onnec.te.d to the. dibplayl ea.n be int'lOduc.ed

to Mti!l6Y the. add-te.Ming 'r.e.qui'le.me.nt.

Subg'lOUpb c.an be. ove.'llappe.d; a6te.'l bUbje.c.ting l-'lOWb to bina'lY add'le.Ming

a ne.w bub-g'lOup ib 6o'r.med by d'lOpp.ing one. 'lOW and adding a ne.w '£Ow

to the. bub-g'lOup. He.'le the numbe'l 06 time. inte.watb to c.omplete. a

cyde. inc-te.abe.b by a 6acto'l 06 1 ab c.ompa.'r.e.dto the. cabe. with non-inte.'r.

be.cting bUb-g'r.oupb.
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3.6 RESTRICTED PATTERN ADDRESSING TECHNIQUES (RPATJ

ObcUlobCOpe.and logic analyze.1 dibplayb a1e. p1ima1.uY""be.d 601 dibplay.-.

mg wave.601mb. The. patte.1nb to be. dibplaye.d .in the.be. application!:. a1e. '£e.bt'£i

cte.d bince. the. wave.601mb a1e. mobtly bingle. value.d 6unct.ionb 06 t.i.me.. Two
~

add1e.Ming te.chn.ique.b 601 dibplay.ing mult.iple. wave.601mb ~:te pwpobe.d .(tt

thib be.ct.i.on. The. be.le.ct.i.on 1at.i.ob-06 the.be. te.chn.ique.b a1e. .inde.pende.nt 06

the. mat1.ix b.iZe. and a'le. h.ighe.'l ab compa'le.d to the. conve.ntional add1e.M.ing

te.chnique.b •.

3.6.1 Backgtound

Spe.cial add'le.Ming technique.b 60'l dibplaying wave.60'lmb we.'le. 1e.vie.we.d

m Chapte.'l 2. The. the.o'le.tical limitb 06 the. value. 06 the. be.le.ct.i.on 1at.i0

60'l the. add'le.M.ing te.chn.ique.b We.1e. albO 'le.v.ie.we.d .in Chapte.1 2. The. non

multiple.xe.d add'le.Ming 'le.vie.we.d in Chapte.f. 2, can be. ube.d 60f. dibplayb1g

'le.bt'licte.d patte.'lnb. HOWe.Ve.1,babicb 06 bimple. ne.w· add'le.Ming te.chnique!>

a'le. de.ve.lope.dhe.'le..

The. Obcillobcope. d.ibplayb 'le.qui'le. a la'lge. mat1ix bi.ze., in 01de.1 to 1e.-

p10duce. the. wave.60'lmb w.itha h.igh 1ebolut.i.on. The. numbe.'l 06 WWb (N)

bhould be. at le.abt 256 in 01de.1 to achie.ve. an e.ight bit accu'lac.y 601 a bingle.

wave.60'lm. The value. 06 N bhould be. e.ven h.ighe'l 60'l d.ibplay.ing mult.iple.

wave.601mb. The. wave.601mb to be. dibpiaye.d a'Ce.mObtly bingle. value.d 6Unc.t.ionb.

The. 60Llowing condit.ionb a1e. batib6.{ed when W buch wave.60'lmb a'le. to be.

dibplaye.d :-

- The. numbe.'l 06 be.le.c.te.dp.iXe.lbin e.ach column ib W; and

- The. numbe.f. 06 backgwund pixe.lb IN -WJ ib 6a1 g1e.ate.1 than w.
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Hence, the column voltage conebponding to the backgwund pixelb can be

choben to be zew l.i.e., bame. ab that 06 unbe.le.cte.d WWb). Th.ib bUpp'le.bbe.bthe.

voltage aCWbb the pixel6 .(n the unbelected tOWb to zew duting IN-WJ time

.inte.'lValb out 06 the. total N t.ime. .inte.'lValb .in a cyde.. In cont'labt, th.ib

cannot be done in the cabe 06 genetal pattetn6 bince the numbet 06 belec-

te.d p.ixe.lb .in a column .ib not known.

The. column voltage. 60'l a be.le.cte.d p.ixe.l can be. chobe.n ab 60UOWb:-

In-phabe with the wW-belect voltage; Ot

Out-06-phabe. w.ith the. wW-bele.ct voltage..

Thib leadb to two d.i66ete.nt a.dd'lebbing techniqueb ab given below:-

The belected pixelb, i.e., the. pointb on the wave60'll71,get a lowet tmb

voltage. ab compated to the. backgwund p.ixe.lb, whe.n the column voltage.

IV J i6 in-pha6e with the wW-6elect voltage Iv J. Thi6 te6ult6 .en ac t

ne.gat.ive. cont'labt mode. in TN LCVb Ipolatize.'lb pe.'lpe.nd.icula'l to e.ach

othetJ, with the wave60tm appeating btight aga.in6t a datk backgwund.

A pObitive. cont'la6t mode ib pObbible. how.2.ve..'l,i6 a Guebt-H obi dibplay

ib u6ed in6tead 06 TN LCV6. Thi6 technique i6 te6ened to a6 RPA T-NC.

The be.lecte.d p.ixelb get a highe.t tmb voltage ab compa'led to the back

gwund pixelb, when V" i6 out-06-pha6e with V • Thi6 te6ult6 in a p06i-. ~ t

tive conttabt mode. in TN LCVb,with the wave60'lmb appeating da'lk

again6t a btight backgwund. Thi6 technique i6 te6eHed to ab RPA T-PC.

3.6.2 Tec..hniqu~

The RPA T techniqueb a'le babed on the l.ine-by-Une addte..6bing 6cherne and

a'£e 6imila'£ to APT except 60'£ the choice 06 the column voltage. The RPA T-PC
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and RPA T-NC thembe.iveb dinnet only in the pha.be On the. column volta.ge

ab dibcuMed eatUet. The vatioub btepb involved in thebe techniqueb a'Ce

given below:-

il The N 'COWb to be multiplexed ate belec.ted bequentiaily with a

tow-belect volta.ge :tV tone a.6tet the othe1 ;

.i.iJ The unbelected 10Wb ate g'COunded. The1e will be IN-1J unbelected

'COWbtit any given inbta.nt Ontime;

iii.J The column volta.geb a.'le decided, depending on the da.ta to be.

dibpla.yed in the belected 'lOW;

ivl The column volta.ge ill ze'COnO'l a. ba.ck.gwund pixel in the !>elected

'COw;

v} The column volta.ge i!> :tV , i.e., in-pha.!>e. with the ww-!>eiect volta.gec

601 a belected pixel, in the ca!>e06 the RPAT~NC. The column voltage

ill +.V , i.e., out-on-pha.lIe with the tow-!>elect volta.ge n01 a. !>electedc

pixel, in the cabe 06 RP AT-PC ;

vi) Both the 10W a.nd column volta.ge!> a1e !>imulta.neou!>ly a.pplied to

the ma.t'lix di!>pla.y nO'l a time dU'la.tion T ;

v.i.iJ The column voltageb 6o'l the !>ub!>equent 'lOW a1e decided u!>ing

lItepll liv} a.nd Iv}. Thi!> 'lOW i!> !>elected nO'l a.n e.qual dU'la.tion on

time at the end 06 T ;

viii} A cycle ill completed, when a.U the 'lOW!> IN) in the ma.t'lix a.'le

belected once ;

ix) The dillplay ill 'le6'luhed by 'lepea.ting thill cycle continuou!>ly ;
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x) The pola'City 06 the add'Cebbing wave60'Cmb ib 'CeveHed pe'Ciodically

in o'lde'l to aehieve a dc-6'lee ope'lat.ion. Thib can be 'Ceve'lbed eithe'l

within a wW-belect pe'Ciod IT) O'Ca6te'C completion 06 eve'Cy cyele,

.i.e., pe'liod NT. The dU'lat.ion T bhould be bmaU ab compa'led to the

'Ce.bponbe.time. 06 the. dibplay in o'Cde.'Cto e.nbu'Ce.the. 'Cmb be.havio'C

06 TNLCVb. The dU'lat.ion 06 a cycle I=NT) bhould be bu66.iciently

low in o'Cde;'Cto avoid 6Ucke.'C,in the. d.ibplay.

TYP{c.al add'Ce.Ming waVe60'lmb 06 both the RPA T-NC and RPA T-PC a'Ce

given in Figu'le.!) 3.8 and 3.9 'Cebpect.ive.ty. The maximum voltage bwing

in the. add'Cebbing wave60'Cm ib 2V , due to the pola'C.ity i£e.ve.'C.balin them 60'C
'C

a dc-6'lee. ope'lation. Howeve'l, it ib pOMible to 'Ceduce the voltage bwing

to V Jr .in the cabe. 06 RPA T -NC and to IV + V ) in the cabe 06 RPA T -pc by< 'C C

modioying the add'leMing wave60'Cmb. The technique employed he'Ce ib bim.ila'l

to that 06 lAPT. Typical add'Ce.bb.ingwave60'Cmb leading to a 'Ceduction in the.

bupply voltage 'lequhement a'le bhown in Figb. 3.10 and 3.11 00'l the. RPA T-NC

and RPA T -PC 'Ce.bpectively.

3.6.3 AnalqMA

Let the numbe'C 00 waVe60'lmb to be dibpla.yed be W. The backgwund

pixelb get a voltage IV t I 60'Ca time du'Cation T, whe.n the cOHebponding tOW

ib be.leeted. Thh pixel getb a voltage Iv I dU'ling W time intewalb conebponc

di.ng to the. W beiecte.d pixelb in that column. The voltage aCWM the. pixel

.ib ze'Co du'C.ing the 'lebt 06 the IN-W-1) time inte'Cva1b. Hence,

VBu.ekgtound (tm&l " [T. V~ + W • T • V~ ]1/2NT
13.1611
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RPAT - PC

Fig. 3.11. ModifJ{e.d add'le.Ming wave.60'lm6 06 RPA T-pc with 'le.duc.e.d
6Upply \voltage. 'le.qui'le.me.nt.
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Let the column voltage 601: a belected pixel be in-phabe with the

'lOW-betect voltage. Then the belected pixel getb a voltage IV 1: - Vc I when

the conebponding 'lOW ib belected. The voltage acWM thib pixel ib IVcl

dU1:ing (W - 1) time intewa16 cOHe6ponding to the 1:ebt 06 the &etected

pixelb in that column. The voltage acWM the pixel ib zew dU1:ing 1:ebt 06

the (N - W) time intewal6. Hence,

V
6elected ('lm&) . [T. tv {- V:: + IW- 1) T • V~(2

(3.162J

The 1:aUo [V 6elected(tm6)IVbackgwund('lm6)] 6hould be optimized in o1:de'C.

to get a maximum di6C1:imination between them. rhib 1:atio ib optimum

60t the condition

= (3.163)

Hence, the voltage acwM a backg'lOund pixel unde1: optimum condition

V
backgwund (tmb)

=
[2W]1/'/.N • Vc (3.164)

The voltageac'1066 the belected pixel6 howeve.1: d~pendb on the ielative phabe

between Vt and Vc. Hence, the tmb voltage aC'lOM a backgtound pixel undet

the optimum condition ib

Vbelected 11:m6) =
[ 2W - 2W1/2t2601:V = +W 1/'lVN Vc

t c

Vbelected 11:mb)

=

[ 2W + 2W 1/2t2
601:V = _w1/'/. VN VC

'C. C

13.165)

(3.166)
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Cabe 1: RPAT-NC

F'l.Om eqnb. (3.164) and (3.165),.i.t .i.b deat that the belected p.i.xelb

get a lowe'l voltage ab compa'led to the backgwund pixelb when V ib .inc

phabe w.i.th V. Hence, the backgtound p.i.xelb ate ON and the belectedt

p.ixelb ate OFF. Hence, the belection tatio can be aHived at 6wm eqnb.

(3.164) and (3.165) ab 60UOWb : -

R = V ON ('lmb)

VOFF l'lm6) [ W ]7/2= W _ W'/2 = [ wl/2 ]'/2W'/2 _ 1
(3.161)

The Neq hete g.i.veb an .i.dea 06 the belect.i.on 'lat.i.o .i.n tetmb 06 the btanda'ld

IAPT. N eq ib obta.i.ned by equating thib belecUon tatio to that 06 the btanda'ld

60'lm 06 lAPT ab 60UOWb : -

R [ wl/2 t2r 1/2, 1f/2
:::

eQ

W 1/2 - 1

:::

N 1/2 - 1
eqO'l

Neq

:::(2W 1/2 _ 1)2

(3.168)

(3.169)

Fwm eqnb. (3.167) and (3.169), it i6 c.lea'l that the belecUon 'laUo ib indepen-

dent 06 the mat'l.i.x b.ize and dependb jUbt on the numbe'l 06 waVe60'lmb d.i.b-

played. The belec.tion tat.i.o and the Neq 06 the RPATb a'le compa'led with

that 06 FMT (d.i.bcuMed .i.n chaptet 2) .i.n Table 3.20. F'l.Om th.i.b table .i.t .ib

ev.ident that the belecUon tatio 06 RPA T-NC ib highet than that 06 F MT

601£aU valueb 06 W. MO'leove'l, .i.t .i.bcleat that .i6 W wave60tmb a'le d.i.bplayed

ubing FMT then w2 waVe60'lmb can be d.i.bplayed ub.i.ng RPA T-NC, 60'l the

bam e belect.i.o n tat.io (Append.i.x 6.c.J.



TOob!e3.20.RPA n v~. FMT - A CompOo1ibOn

Numbe'[

Rebt'[icted_ POotte'[n Add'[e~~ing Technique~Mu!a-t,[Ooce u~ing FMT06
RPAT -NC RPAT-PC

wOovz.60'[m~ Selection ,[OoticNeq
Selection '[Ooao

Neq
Se!ec.tion ,[Ootic

Neqdi~pla.ljed

11. • [ w 1/' t' ~r\WI
=\2wl/2_1J2

R = W + 7=(2W 1/2+ 712
R = [ ~ f/2

2
. W 1/2 - 1

WI/2W - 1
=(2W-1l

In6{nite

1.001.4149.00In6inite1.00

2

1.8483.341.30714.667.4749.00

3

1.5386.071.25679.937.22525.00

4

1.4149.001.22525.007.15549.00

5

1.34512.061.20329.941.11881.00

6

1.30015.201.18734.801.095121.00

7

1.26818.421.17439.581.080169.00

8

1.24421.691.16344.311.069225.00

12

1.18635.141.13562.861.044529.00

16

1.15549.001.11881.001.033961.00

25

1.11881.001.095121.001.0212401.00

V.l

Oa-
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The. maximum voltage. bwing in the. add'le.Ming wave.60'lmb c.an be. 'le.duc.e.d

to V 6'lOm 2V 60'l the. 60Uowing 'le.abOnb:-'l 'l

The. voltage. ac.toM any pixe.l in the. dibplay dOe.b not e.xc.e.e.d IV I at'l

any give.n inbtant, and

The. pola'lity 06 the. tow-be.le.c.t voltage. ib e.ithe.'l pObit.i.ve. O'l ne.gat.i.ve.

at a give.n inbtant.

The. modi6{c.at.i.onb in the. add'le.Ming wave.60'lmb 06 Fig.3.8 to 'le.duc.e.

the. bupply v,oltage. 'le.qui'le.me.nt a'le. give.n be.low: -

The. 'lOW and c.olumn voltage.b a'le. bhi6te.d by +V, whe.n the. pola'lity'l

06 the. 'lOw-be.le.c.t voltage. ib ne.gative. ;

The. '£Ow and c.olumn voltage.b a'le. the. bame. lunalte.'le.d) whe.n the. pola'lity

06 the. 'low-be.le.c.t voltage. ib pObitive.. Thib t'lanb6o'lmation dOe.b not

alte.'l the. be.le.c.Uon 'laUo, binc.e. the. 'le.wltant wave.60'lmb ac.'lOM the.

The. OFF pixe.lb a'le. ubuaUy biabe.d ne.a'l Vth in o'lde.'l to ac.hie.ve. a

,good c.ont'lal>t in the. dil>play. The. c.olumn voltage. Vc. ean be. obta.c.ne.d in

te.'lmb 06 Vth ab 60lloWb:-

= (3.170)

O'l

He.nc.e., the. wpply voltage. 60'l thib te.c.hnique. ib

13.171J



Vbupply IRPA T-NC)
= V =

'l
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W 1/2 V = [ N W ]'/2 -c 2(W_W'/2) Vth

•••• 13.1r2J

Since mObt 06 the pixelb in the. dibplay a'le ON in thib cabe, thebe pixelb

can ab well be biabed nea'l VSA T inbtead On biabing the OFF pixelb to V thO

The column voltage in te'lmb 06 VSA T ib obtaine.d ab 60UOWb:-

O'l

= = (3.113)

The. bupply voltage. 'le.qui'le.me.nt he.'le. ib

Vbupply (RPAT-NC) = V'l = wl12.vc

13.1f4J.

(3.115)

It ib clea'l 6'lOm the above. equation that the. bupply voltage ib independent

06 the. numbe.'l 06 wave.60'lmb (W) and de.pe.ndb only on the. numbe.'l On add'leM

lineb INJ in the. mat'lix. Howeve.'l the 'lalio IV IV ) dependb on W ab in eqn •.'l c .
(3.163).

Cabe. 2: RPA T-PC

It ib e.vident 6'lOm e.qnb. (3.164) and (3.166) that the. bele.cted

pixelb get a hi.ghe'l 'lmb voltage ab compa.'led to the backg'lound pixelb,

when V i.b out-06-phabe wi.th V • Hence, the be.lection 'lalio in thib cabec 'l

= [w ~ w1/2t2
(3.1f6)
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He 'le again, the N give!J an idea 06 the !Jelection 'latio obtained in thi!J
eq

technique, in te'lmb 06 the !Jtanda'ld lAPT. Hence,

O'l

R =

=

[Wl/2 + 1 1/2
W 1/2 ] [N1/2 1/2= eC{ + 1]N1/2

eq - 1

(3.1"nJ

(3.178J

It ib dea'l 6'lOm eqnb. (3.176J and (3.178J that the belection 'latio he'le too

i!J independent 06 the mat'lix bhe and dependb jUbt on W, the numbe'l 06

waVe60'lmb di!Jplatjed. The belection 'lalio 06RPA T -PC i!J lowe'l than that

06 RPA T-NC a!J bhown in the Table 3.20. Howeve'l, the RPA T-PC hab a

highe'l !Jelec.tion 'latio a!J c.ompa.'led to FMT, when the numbe'l 06 waVe60'lmb

ib g'leate'l than 2. But, the FMT (di!JcuMed in chapte'l 2J leadb to a negative

conhaM mode while RPA T-PC ope'late!J in the pO!Jit{ve cont'la!Jt.

He'le., again the. maximum bwing in the add'leMing wave60'lm!J can be

'leduc.ed to (V +V J in!Jtead 06 2V ab in Fig.3.9. Thi!J ib pOMible 60'l the'l c. 'l

60Uowing 'lea!Jonb: -

The maximum voltage aC'lOM a pixel in the dibplatj ib IV +V I; and'l c

The pola'littj 06 the 'lOW-be.lect voltage i!J eithe'l pObitive O'l negative

at a given inbtant.

The modi6ic.at{on!J 'lequi'Ced to 'leduce the bUpply voltage. 'lequi'lement

06 RPAT-PC bhown in Fig.3.9 a'le given below:-

The 'lOW and c.olumn waVe60'lmb a'le !Jhi6ted by +V , when the pola'littjc

06 the 'lOW-beteC.t voltage i!J pO!Jitive; and
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The 'lOW and column voltageb a'le bhi6ted by +V, when the pola'lity'l

06 the 'lOw-6elect voltage ib negative. He'le again the belection 'latio

ib unatte'led, 6ince the 'lebuttant waVe60'lmb aC'lOM the pixelb ate the

Mme ab be60'le.

The OFF pixelb' a'le ubUaUy biabe.d neat Vth in o'lde.'l to ge.t a good

cont'labt in the di6pla.y. The voltage V can be dete'lmined in te'lmb 06c

Vth ab 60UOW6:-

O'l

N 112
= [2W] Vth

(3.119)

(3.180)

The bupply voltage. 'le.qui'led 60t thib technique ib de.tetmined ab 60UOWb:-

O'l

Vbupply (RPA T-PC)
= (V + V) = (W 1/2 + 1) V

'l C C (3.18])

Vbupply (RPAT-PC) = [2~ fl2 (W'12 ~ 1) Vth
(3.182)

F'lOm the. above. equation, it i6 evident that the bupply voltage .inC'leabeb

with N.

3.6.4. ViAcuMion

The. me'litb and deme.'litb 06 RPATb a'le g.ive.n in Table 3.21. The

RPA T-NC ib a gene'lalized 60'lm 06 PCT ('leviewed in Chaptet 2). The a.dd'le

Ming wave60tmb 06 RP AT-NC i6 the. Mme ab thobe 06 PCT, when W = 1. The

belection 'latiob 06 the6e techniqueb a'le c.l06e to the theo'letical Urn-i.tb given

by eqn. (2.23), when the numbe'l 06 be.le.cte.d p.ixelb .in e.ach column ib bmall



Table 3.21. Metit& and Vemetit& 06 RPAT!.

Metit&

Selection tatio higlJe t than conventional

technique&

Selection tatio independent 06 mattix &<Ze.

Simple qddteHing wave6otm&.

Vemetitt.

Supply voltage tequitemetlt ptOpottional to

mat'lix 6ize.

3.86
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ab c.ompa'le.d to the. numbe.'l 06 add'le.M l.ine.b IN) .in a mat'l.ix d.ibplay.

Le.ge.ndb a'le. ube.6ul .in Log.ic. analyze.'l and ObC..iUObC.Ope.b.The. alpha

nume.'l.ic. .in60'lmat.ion c.an be. d.ibplaye.d ab buc.h at the. top 06 the. d.ibplay

w.ith itb .inve.'lbe. vide.o at the. bottom. Th.ib e.nbu'le.b the. numbe.'l 06 be.le.c.te.d

p.iXe.lb .in e.ac.h c.olumn to be. c.onbtant ab 'le.qu.i'le.d .in RPA n. Two O'l mo'le.

wave.60'lmb may .inte.He.c.t at a po.int whe.n mult.iple. wave.60'lmb a'le. d.ibplaye.d.

The. numbe.'l 06 be.le.cte.d p.ixe.lb .in the. CO'l'le.bpond.ingc.o.tumn w.iU be. le.M

by lZ-11 whe.n I wave.60'lmb .inte.'lbe.c.t at a po.int. Th.ib c.hange.b the. 'lmb voltage.

ac.WM the. p.iXe.lb .in that c.olumn ab c.ompa'le.d to the. p.ixe.lb .in the. othe.'l

c.olumnb. The. non-un.i60'lm.ity a'l.ib.ing due. to the. .inte.'lbe.ct.ion 06 the. wave.60'lmb

c.an be. c.ompe.nbate.d ab 60lloWb :-

By .intwduc..ing 11-1) dummy 'lOWb to the. mat'l.ix ; and

By add.ing 11- 1) be.le.c.te.dp.ix.e.lbto the. c.olumn with

I wave.60'lmb .inte.'lbe.c.t.ingat a po.int.

The. RPAn can be. e.xte.nde.d to appU.c.ationb whe.te..in the. 60110w.ing

c.ond.it.i.onba'le. bat.ib6.ie.d:

The. numbe. 'l 06 be.le.cte.d p.ixe.lb Ib) .ib a. va.'l.ia.ble.with a.n uppe.'l bound,

.i.e.., 0 ~b ~ L; and

L .ib bmaU a.b compa.'le.d to N.

S.ince. the. be.le.c.tion 'latio .ib .inde.pe.nde.nt06 the. ma.t'l.ix b.ize. L dummy

'lOWb c.an be. adde.d to the. ma.t'l.ix and the. numbe.'l 06 P.i.Xe.lb.in e.ac.h c.o./umn

c.a.n be. made. to be. L by adding IL -bJ be.le.cte.d p.iXe.lb .in the dummy 'lOWb

m e.ac.h c.olumn. The be.le.c.t.ion 'laUo de.pe.ndb on L and .ib obtained
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by oubbtituting L bl place 06 W in eqnb. (3.166) and (3.115). The value 06
•

L bhould be taken into c.onbide'lation in the calc.ulation 06 the oupply voltage

by bubbtituting (N + L) in plac.e 06 N in equationb (3.114) and (3.182).

Some new add 'leMing tec.hniqueb60'l d.ibp.ta.ying both gene'lal and 'lebtic-

ted patte'lnb have been p'lOpobedin thib Chapte.'l. Thebe: tec.hniqueb have

albO been analYbed and compa'led with the conventional tec.hniqueb he'le.

The p'lactical implementation 06 bome 06 thebe techniqueb a'le taken up

in the next Chapte'l 60'l the expe'limental ve'liQication 06 the analYbib in

thib Cha.pte'l.


