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4.1

4. EXPERIMENTAL WORK

A numbet 06 new addteM.ing tec.hn.iqueb 60t mult.iplex.ing matt.ix LCVb

w.ith tmb tebpon6e have been ptopobed in the plevioub c.haptel, along with

the theotetkal anallfbib in eac.h c.abe.. The hatdwate teal.izat.ion 06 bOme

06 thebe tec.hniqueb, viz., BAT, HAT, IHA T, IHA T-S4, RPA T-NCand RPA T-PC

.ib taken up .in th.ib c.haptet, .in v.iew 06 the .impottanc.e 06 the Mme. The

b£oc./l diagtamb 06 the dibplay blfbtemb ubing thebe addteMing tec.hniqueb

and the appwac.h to the.it teal.izat.i.on ate d.ibc.uMed 6.£16t. Thib .ib fioUowed

blf the deta.i.lb 06 the implementation and dibc.uHCon 06 the tebultb obtained

by ub.ing thebe tec.hn.iqueb.

4.1 APPROACH TO REALIZATION

4.1.1. BAT

The BAT .ib bu.itable 60t bingle' ww alphanumetic. dibplaYb, whete

the numbet 06 lineb to be multiplexed (N) ib bmaU (Appendix 6.a).

a) Bloc.k dia.qtam

The bloc.k d.iagta.m 06 a d.i6play blf6tem u6.ing BAT .ib bhown .in F.ig.4.1.

The c.ha.'lac.te'r in60'rmation ib btoted in the memo'rlf. The bta.nda.'ld ASCll

c.ode .ib ubed 60t 6tO'l.ing the alphanumet.ic. c.hatac.te16 to be d.ibplalfed. Th.ib

in601maUon in the memO'l1f i.b upda.ted th'lOugh the inte'l6ac.e, whi.c.h c.onnec.tb

the d.ibplalf to an .input equ.ipment (c.omputet, kelfboatd, etc..) depend.ing

on the' appUc.a.t.ion. The Chatac.te'r Genetatot (CG) c.onve'rtb the ASCll c.ode.

to p.{xel .in60tmat.ion. A c.ofumn-w.ibe output .ib tequ.ited 601 the. BAT. The

zN wW-belec.t pattetnb 'requited 60'l BAT a're obtained 6wm the Sequenc.e
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Ge.ne.1f.ato1f.ISG}. The. Column Signal Ge.ne.1f.ato'l ICSG} c.ompa'le.!> the. data

6-'lOm the. CG and the. WW-be.te.C.tpatte.1f.n 6wm SG bit-by-bit and ge.ne.mte.b

the. data 601 the. Column V'live.1f.b ICV}. Thi!> "le.qui1f.e.ba majo1f.ity de.cibion

ab dibc.UMe.d inbe.c.t.ion 3.1.2. The. Row V1f.ive.1bIRV} obtain the. ,ww-be.le.c.t

patte.1f.n 610m SG. The. wW-be.le.c.t patte."ln and the. c.olumn data bhou£d be.

bimultane.oubly applie.d to the. mat1f.ix d.ibplay. Thib i!> e.nbU"le.dby p1Ovid.ing

a bu66e.1f.and latc.h in both the. ww and c.olumn d1f.ive."lb.The. Contwl Logic.

IC LJ bync.h'iOnize.!> the. di!>play "le.6'le.bh,by ge.nNating the. app1Op1f.iate.adduM

and q.ont1Ol bignalb ubing a doc.k..

b} App10ach to Re.aUzation

The. pOMible. 'le.alization ~6 the. va'lioub bloc.k.b along with alte.1f.native.b,

i6 any, a"le. dibc.uMe.d be.low.

ChataC.te.t Genetatot ICG}

The. be.gme.nt 01 pixe.l in60'lmation 06 the.alphanume.1f.ic. c.ha"lac.te.'lb

ib btOle.d in the. CG. An UV.,.EPROM, EEPROM 01. ROM cou£d be. u!>e.dhe.1f.e.

de.pe.nding on the. applic.ation.

Sequence. Genetatot ISGJ

An N-bit bina"lY countN ge.ne.'late.b all the. 2N c.ombinationb 06 tOW

be.le.c.t patte.1f.nb 'le.quhe.d 60'l the. BAT. Howe.ve.'l, the. 6'le.que.ncy 06 the. counte.'l

outputb how wave.60'lmb} inC'le.abe.b 6'lOm MSB to LSB by a 6acto"l 06 two

601. e.ac.h bit. Thib latge. va'liation in the. 61f.e.que.nc.y06 the. 'lOW add"le.Ming

wave.60tmb will le.ad to btightne.M non-uni60"lmity 06 the. pixelb Ic.ont"labt

- va1f.iat.ion} ab dibc.uMe.d in be.c.tion 2.4.3. White. the. Ube. 06 G1f.ay-c.ode. witt

be. he.lp6ul to te.duc.e. 61f.e.que.ncyva'liation in the. ww wave.601f.mb, the. Pbe.udo
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Random Bina'lY Sequence (PRBSI ib a bette.'l alte'lnative 60'l the SG. The

PRBS and itb delayed ve'lbionb have identical wave bhape and hence identical

N
6'lequency componentb. But, thebe bequenceb have only (2 -1] btateb and

they do not include the !>tate with all zeWb. A bequence gene'lato'l with

aU tli e zN Mateo can be obtain ed by inoe'lUng the otate wit h N ze '£06

in the PRBS gene'lato'l [19]. Such a bequence gene'lato'l 60'l two valueb

06 N, viz., N = 3 and 5 au bhown in Fig.4.2 ab exampleb.

Column Signal Genemtot (eSG]

The 'lOw-belect and the data patte'lnb a'le compa'led bit-by-bit ubing Exdu-

bive-OR gateb. The column voltage io decided ubing a majo'lity decibion

ab dibcuMed in bection 3.1.2. The majo'lity decibion can be implemented

uoing gateo, multiplexe'lb O'l addeH. P'lOg'lammable Logic A'l'lay (PLAI and

UV - EPROM a'le the othe'l pObbible altemativeb 60'l the CSG. Heu, both

the bit-by-bit compa'lioon and the majo'lity dec.i.Mon can be aboo'lbed into

a bingle block..

Altetnativeb 60t CG and CSG

The CG and CSG can be combined into a oingle block. and can be

. 'lealized uoing a bingle ROM, UV- EPROM O'l EEPROM. The column bignal

can be di'lec.tly bto'led 60'l all the combinationb 06 'lOw-oele.c.t patte'lnb,

column data and the cha'l.acte'l.b.

VtiVetb

V'l.ive'l ICb commonly ubed 60'l di'l.ectly d'liven dibplayb a'le buitable

60'l BAT. The bc.hematic 06 a typical d'l.ive'l IC ib bhown in Fig.4.3. The
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Exclubive-OR gate6 a-'le p-tov.i.ded to enable phabe--'leve"lbal, ino-'lde-'l to en6U-'le

a dc-6-'lee ope'lation. But, all the. BAT hall a natu'lal dc-6ue ope'lat<on lab

dibcuMed in bect.lon 3.1) the phabe contwl input ofJ the EX-OR gateb can

be. pe.'lmanenUq tied to logic 0 O'l 1. AUe.mat.i.vely, the d-'live'Cb can be imple-

mented u6ing 6hiM -'legi6te-'l6 and latche6. The length 06 the bh.ifi[ -'legb.te-'l

and the. numbe.'C 06 .tatche.ll 'le.quhed in the. 'COwand column d'Cive'lb ib e.qual

to the numbe-'l 06 'COwand column add'leH linell 'lebpectively.

4.1.2. Hybtid AddteMing Techniqueb (HATb)

The HAT lllee Appendix 6.b) IHAT, IHAT-S3 and lHAT-S4 d.ibcuMed

m chapte -'l 3 have many common fJeatU-'leb, llince they a'le babed on the

bame. p'Cinciple.. The ballic di66e.'le.nce. between the.lle techniqueb ib the numbe1.

06 voltage levelb in the column wave60'Cmb ab bhown in Table 3.19. Hence

the block diag'lam and the. app'COach to 'leaUzat.i.on 06 the di66e'lent ve1.bionb

06 HAT a-'ie dibcuMed he-'le.

The. block diag'lam 06 the dibplaq llqbte.m ubing HA n ib llhown in Fig.

4.4. The in60-'lmation to be dibplayed ib bto-'led in the memO'lY and thib

can be updated th'COugh the. inte.'Cnace. The data to be dibplaye.d in the.

belected bub-gwup 06 1.0Wll (l 'COWb)ib loaded into the Re-Chculating Regi-

&te.'C IRCR) tempO'la1.ily, 601. compa'ling it with the 'lOw-!Jefect pattem.

Hence the bize 06 thib -'legillte-'l ib I xM bitb. The Sequence Gene1.ato-'l (SG),

gene1.ateb 21, l-bit 1.ow-llelect patte1.nll, 60'l belect.i.ng 1 add1.eM lineb in the

belected bub-g'lOup, The Column Signal Gene-'lato1. ICSG) cOmpa-'le.b the

column data patte.1.n in the llelected llub-gwup 06 'lOWll bit-by-bit with the
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'lOw-&e.lect patte1n and gene1ate& the data n01 the column d1.i.vet&. The

Sub-Gwup Sequenc.e1 ISGSJ dete1mine& the 1 add1ebb l.i.neb to be befec.ted

w.ith voUage& conebpond.i.ng to the. l-b.i.t wW-beiect pattetn. The data .in

the RCR conebpond& to thebe belected add1ebb Uneb. The Voltage Level

Gene1atO'l tv LG) .i& u&ed to genemte the Va1{OU6 voltage ievei& .i.n the tOW

and c.olumn add1ebbing wave601mb. The Row V1.i.ve1b IR V} a1e c.onnec.ted

to the 10W add1eM .line& On the d.i.oplay and the ww voltage& a1e cont1Olled

btj the ww-oelec.t pattHn obtained 6wm SG and SGS. The. Column V1.i.ve1b

(CV) a1e connected to the column add1eM l.i.neo and the c.o.tu.mn voltageb

a1e c.ontwUed by the. c.olumn bignai 6wm the CSG. The c.ontwl log.i.c. govemb

the ope1ation On the va1ioUb w.b-blockb de&c1.i.bed above and &tjnchwn.ize!>

the. Mow 06 in601maUon 601 'le61ebhing the dibp.ta.tj.

Thib bloc.k diag1am io c.ommon 601 the htjb1id add1ebbing tec.hniqueb,

v.cz., HAT, lHAT, lHAT-S3 and lHAT-S4 dibcuMed inchapte1 3. The p1.i.ma'ltj

di66e'lenc.e between thebe. tec.hniqueb ib the numbe.1 06 voltage. levelbin

the column waven01m.Th.i.b giveb 1.i.!>eto dinne1ent valueb On 1elative V IVr 'l C

601 thebe. tec.hniqueo. The. di66e'lenc.eb in the implementation 06 the 60Howing

block& depend on the pa1ticula'l ve1&ion On HAT a& di&cuMed beiow:-

VLG. The numbe1 06 voltage levelb genetated 601 the column d1ive1!>

depend& on the gwup.i.ng On et101& in the add1eMing tec.hnique.. The

numbe'l 06 voltage. leveto io 2, 11+ I}, 3 and 4 601 the HAT, IHA T,

IHA T-S3 and IHA T-S4 1ebpectiveitj. The 1elative amplitude!> 06 the

c.olumn voltage& with 'lebpe.ct to that On V , alba depend6 on the tech-t

n.i.que a& di6cuMed in c.hapte1 3.
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CSG. The numbe'l 06 bitll t'lanllmitted all llignal to the c.olumn d'live'lll

dependll on the add'leMing tec.hnique. The numbe'[ 06 bitll .ill 1 60'l

HAT and 2 60'[ IHAT-S3 and IHAT-S4. Thill value dependll on l .in

the c.alle 06 IHA T and ill l092 (l+ 1), wunded 066 to the next h.ighe'[

intege'l when n'lac.tionll a'le e..nc.ounte.'le.d.

CV. Analog multiplexe '[ll a'[e ulled in the c.olumn d'live '[ll to llwitc.h

the. c.olumn voltagell depending on the !lignal 6wm CSG. The type

06 multiplexe'l. 'l.equ.i.'l.ed 60'l. the add'l.ell!ling tec.hniquell a'l.e 2 : 1, ll+ 1)

: 1,3 : 1 and 4 : 1 60'[ the HAT, IHAT, IHAT-S3 and IHAT-S4 '[ellpec.

tivdy.

The 'lellt 06 the bloc.h.ll, viz., Memo'[y, Inte'[6ac.e, RCR, SG, RV and

the c.ont'l.Ol log.ic. a'le. c.ommon to aU the add'l.eM.ing tec.hn.iquell dillc.u

Med above.

bl ApplOac.h to Realizat.i.on

The pOMible 'lealization 06 the Va'liOUll c..{'l.c.uit bloc.kb along w.ith alte.'l

nativell, .i6 any, a'le dillc.uMed below.

Re-Citc.u1ating Regi!Jtet (RCR).

The hyb'l..i.d add'l.eMing tec.hn.iqueb 'lequi'l.e a b.it-by-b.it c.ompa'l.ibon

06 the data to be dillpiayed with the ,[ow-llelec.t patte'l.n. The RCR 6adli

tateb th.ill by btMing the data tempo'l.a1:.i.ly 60'l. 'lepeated c.ompa'l..ioon w.ith

the di66e'lent lOw-lle.lec.t patte'l.nll. The RCR 'lequi'[ell I I= the numbe'l 06

add'leM £.i.neb in the belec.ted llub-g'l.Oup) llh.i6t 'leg.illte'lll, eac.h 06 length M

(= the numbe.'l 06 c.olumnll in the dillplayl. AUe'lnative.ly FIFO IFiHt-ln-Fi'[llt

Out) memO'l.ieb c.an be. ubed along with a 6eed bac.k 60'l. 'l.e-c.i'lc.ulating the
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data. The RCR ib p'lOvided only 60'l the e.abe 06 acceM.cng the bame data

'lepeatedly and .cll optional. An I-bit bu66e'l ill adequate, i6 1epeated memo'l!f

acceM can be accommodated to 6e.tch the data 6'lOm the memo'lY.

Sequence Gene~tot (SG)

The SG gene1atell all the 21, I-bit 10w-llelect patte1nll 1equi1ed 601

belecting a wb-g'lOup, The SG can be an I-bit bina1Y counte1, G1ay code

gene'lat01 O'l PRBS gene'lato'l with 21 lltatell all dillcuMed ea1lie'l 601 BAT.

He1e again, a G1ay code gene1atO'l O'l PRBS gene1at01 ib p1e6e'l'led to

achieve the b1ightneM uni60'lmity 06 the pixelll.

Column Signal Gene.~tOt (eSG)

The I-bit data 6'lOm the RCR and .the I-bit 10w-belect patte1n 6'lOm

the SG a'le c.ompa1ed bit-by-bit to dete1mine the numbe1 06 en01ll. The

column voltage dependb di1ectly on the numbe 1 od e'l'lO'lb in IH AT. Thill

value ill t'lanllmitted to the column d'live1ll 6.01 a p'lOpe1 choice 06 the cDlumn

voltage. The numbe1 06 cDlumn vOltageb ib 1ebt1icted to 2, 3 and 4 in HAT,

IHA T-S3 and IH A T-S4 1ellpectively by gwuping 06 enD'lb in CSG and an

app'lOp'liate bignal ib t'lanbmitted to the column d'live1b.

Voltage. Level Ge.ne~tot (VLG)

The va1ioull voltage levelll 'lequi'led 601 the chDben add'leMing tech-

nique a1e gene'lated by potential divibion ulling a 1ebibtO'l netw01k. ab llhown

in Fig.4.5 6D'l IHA T-S4. The 'latiD between the amplitudell .06 the '£Ow and

cDlumn voltagell all demanded by the add'leMing technique ill enllu'led by

a p'lOpe'l chDke 06 the value .06 the 'lellilltO'lb. The pDtent<omete'l ailDWll

6.01 changing the abllDlute value .06 the '£Ow and cDlumn voltageb without
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,alte1ing the.i1 1at.{ob. Optional bu66e1 ampU6ie1b can be ubed 601 the. ww

and column voltageb to 'leduce. the. bOU'lce. impe.dance. and ib e.bpec.ially

Column Vtive.n (CV)

Analog mult.iple.xeu a'le. ube.d in the column d'live.'lb to bwitch the.

di66e1ent voltageb depending on the bignal 6l£Om the CSG. The. bchemat.ic

06 a typical CD 60'l HAn ib bhown in Fig. 4.6. The. column bignal 6wm

the CSG .ib be'lially bhi6ted .into the bhi6t 1egibte1. The numbe1 06 bitb In )c

601£ e.ach column d'live.'l de.pe.ndb on the. add'le.Ming te.chnique.. The. value.

06 nc ib 1 601 HAT, 10g2 11+1) l£Ounde.d 066 to the. next h.ighe1 inte.ge1 601

IHAT and 2 60'l IHAT-S3 and IHAT-S4. The. le.ngth 06 the.be. 'le.gibte.'lb .ib

equal to the numbe1 06 columnb in the. di.bplay, .i.e., M. The. l£OW-be.le.ct

patte.'ln appl.ie.d to the. be.le.cte.d bubgl£Oup and the. column voltage.b ate. byn

chwn.ized ub.ing a bu66e'l 1eg.ibte.'l. The. bize. 06 the bu66e1 1egibte.1 ib the

bame. ab that 06 the. bh.i6t 'le.g.ibte.'l. Analog multiple.xe. 1£ 06 the. type.b 2: 1,

11+1): 1,3:1 and 4:1 a1e. 'lequi'led 601 HAT, IHAT, IHAT-S3 and IHAT-S4

'le.bpe.ctive.ly to d'live. e.ach column in the. dibplay. The. column voltage.b

a1e de1ived 6tom the V LG.

Row Vtive.n

The. HA n 'le.quhe. one. 06 the. th'le.e. voltage.b, v,£z., -V, 0 and +V'l 'l

101 0, V1 and 2V 1 601 unipola1 add'leMing wave601mb.) The.be. voltage.b a1e

bw.itche.d uMng a 3: 1 analog mult.iple.xe.'l. The. 'lOWb in the. UYlbe.le.cte.d bub

gl£Oupb get a voltage. 0 andthib ib conhoUe.d by a bingle. bit 610m the. SGS.

The. voltage.b tV to be. applie.d to the. l£OWbin the. be.le.cte.d bubg'lOup a1e.'l
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conhoNed by an additional bit 601. each ww 6wm the Sequence Genemtol..

Alte.'lttative.ly the. ww-~elect patte.l.n 61.0m the SG can be level ~hi6ted

to tV 1.' Only a 2: 1 multiplex.el. contwiled. by SGS i~ l.equhed hel.e a~ compa

l.ed to a 3: 1 multiplex.el. in the pl.eviou~ cahe. The total numbel. 06 multi

plex.eH l.equil.ed i~ equal to the numbel. 06 1.0w~ in the dihplay, i.e., N.

The th1e.e voltage. levelb l.equil.ed hel.e al.e de.l.ived 6wm the V LG.

Sub-Gtoup Sequencu (SGS)

The SGS detel.mine!> the !>equence in which the wbgwup!> al.e !>elec

ted. Thi!> in it!> !limple!>t 601.m i~ a l.ing countel. 06 length (Nil). The SGS

can be hal.dwil.ed nOl. a !>ucceHive 01. l.ando m !>election On the !>ubgl.oup!>.

Howeve1, the contlOl logic hhould be deMgned to place the data cone

!>ponding to the ~elected !>ubgwup in the column dl.ivel.!>. A digital de.-multi

plex.e1 can be. uhed ah an altel.native to the l.ing countel..

Conhol Logic (CL)

The cont101 logic gove1.n~ the Mow 06 inn01mation and !>ynchl.onize!>

the val.iou~ block!> in the. di~play ~y!>tem. They can be implemented u!>ing

gate!>, nlip-Mop!>and countel.!>.

4.1.3. RPATA

A~ all.eady di~cuMed in ~ection 3.6, the !>election l.atio On RPA n
.il>independent On the matl.ix. ~.ize. Thi!> enhance!> the u!>e6ulneM 06 LCV!>

601 di!>playing multiple w4ue6otm& in o~ciUo~cope~, Logic AnalyzeH and

othel. di!>play application!> without bacl.i6{cing the high l.eMlution 'lequil.ed

in ~uch di!>play~.
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a} Bloc.k Vw.q'lam

The.. bloc.k. diag'lam 06 a digital ooc.Ulooc.ope.. io ohown in Fig.4.7 ao

a typic.al example.. 06· RP A T applkat.i.ono. The.. wave..601mo a'le ac.qu.i.'led

th'lOugh the.. Wave60'lm Ac.quio{tion Module.. (WAMJ, whic.h c.onoioto 06 Ampli

6{e'lo with P'lOg'lammable gain,. Analog Multiplexeu, Sample and Hold Ci'lc.uit

and AVC. The..oe..wave..60'lmo a'le.. oto'le..d in Wave..60'lm Me..mo'lie..o (WM-1 to

WM-w). The ASCll c.ode 06 the a1phanume'lic. in60'lmation 60'lming the le..gendo

to be.. diopiaye..d io oto'led in a oe..pa'late.. me..mo'lY, c.alle..d Le..ge..ndMe..mo'lY

(LM). The Cha'lac.te..'l Gene'lato'l ICG) c.onve'lto the.. ASCll c.ode 6'lOm thib

me..mo'l!! to the.. pixe..l in60'lmation. The.. diopla!! i!l 'le..6'le..!lhe..d6'lOm a Bit

Mapped F'lame Memo'lY (BFM). The Vibplay Vata FO'lmatte'l IVVF} loadb

the.. pixe..l data 06 the.. wave..60'lmo and le..ge..ndointo the.. BFM. The.. Row V'live'lo

IRV} and the.. Column V'liVe'lb ICV) gene'late the add'leMing wave60'lmo,

that a'le applie..d to the.. '£Ow and c.olumn add'leM lineo. The va'l{ouo voltage..

levelb 'lequi'led 60'l the 'lOW and c.olumn d1ive'lb a'le obtained 6'lOm the Vol

tage.. Level Ge..ne'lato'l (ULGJ.

bJ App'lOac.h to Realization

The pOMible 'lealization 06 the.. va'l{OUo bloc.ko along with alte'lnat.i.veo,

.i6 any, a'le.. di!lc.uMed be..low:-

Wa.ve..~o{m Me..mo{!! (WM)

The WM c.onoibto 06 a RAM O'l ShiM 'legibte'lo o'lganized ab 'led'lc.u

lating me..mo'l!!. The.. !lize.. 06 the. memo'l!! dependb on the 'leoolution 06 the..

AVC and the numbe'l 06 oample. pointb to be dibplayed. It bhould be.. at

le..abt M x R b.£tb, whe'le.. M ib the. numbe'l 06 c.olumnb .in the. mat'l.ix dibplay
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and R ib ihe f.eoolut.i.on On the AVC. A mem01Y 06 Mze 2M x R pef. wave601m,

enableb pf.e-tf..iggef. d.ibplay 06 the acquhed wave60f.m.

Legend Memotg (LMJ

The alphanumef.ic. c.haf.ac.teH and bpedal bymbolb that af.e to be di!>

played ab legendb af.e btof.ed hef.e. A RAM ib ube6ul 60f. the implementa

tion 06 the L M •.

Chatac.tet Genuatot (CG)

The pixel .in60f.maUon conebpond.ing to aU the alphanumef..ic. chaf.ac-

tef.b and bpeda1 bymbolb af.e btof.ed in the CG. An l...{U-EPROM, EEPROM

Of. ROM could be ubed hef.e, depend.ing on the appiicaUon.

Vibplaq Vata Fotmattu (VVFJ

The pixel in60f.mation 06 the waVe60f.mb and legendb to be d.ibpla.yed

.ib loaded into the BFM ub.ing the VVF. The bcaling 06 the ampUtude and

bhi6t.ing 06 the wave60un!> l1e.quif.ed to avoid any ovef.lapp.i.ng among them)

af.e pef.60f.med in the VVF. The data loaded into the BFM !>houid be in

the 60f.mat ab that f.equ.if.ed on thed.ibplay. A micwpwceMOf.-ba!>ed VVF

.ib pf.e6ened hef.e ab compa'led to a ha'ld-w.if.ed log.ic, o.ince va1.ioub otep!>

f.equhi.ng intell.i.genc.e af.e .involved in thi!> block.. Apaf.t 6wm thib, a numbef.·

Bit-mapped F'lame Memotg (BFM)

The BF M .ib a R AM and each b.it he f.e coneopondo to a p.ixel .in the

matf.ix d.ibp.fay. The bize 06 thib RAM bhould be (N +dJ x M. The additional
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d-'low& cOHe&pond to the dummy 'lOW& which a.'le .included to keep the num

be'l On &elected pi.xel& .in a. column con&ta.nt, when two O'l mO'le wa.ve60'lm&

.inteHect a.&d.i&CUMed .in &ection 3.6.

Voltage Le~l Genetatot (VLG)

The V LG con&.i&t& 06 a 'leb.ibtO'l netwO'lk and the va.'l.ioUb voltage levelb

a'le gene'la.ted th'lOugh potent.ial d.iv.i&.ion by ub.ing app'lop'l.iate valueb 06

'leb.i.btoH. Th.ib .ib b.i.m.i..ta'lto the V LG d.ibcuMed 60'l the HA T&.

Row Vtivet!, (RV) and Column Vtiveu (CV)

The oa.me type 06 RV a.nd CV a.& u&ed .in multiplexed d.ibpla.Yb, ub.ing

lA PT a'le adequate he'le. F.ig.4.8 g.ive& the bchema.t.ic 06 HV44100 IH.itach.i.J,

LCV d'l.ive'l w.ith 40-cha.nnel output ab a.n exa.mple. It conb.ibtb 06 two betb

06 20-bta.ge bid.i'lectional bh.i6t 'legibte H to conve'lt the be'l.ial data. a.t the

.input .into pa'lallel 60'lm. Two bet& 06 20-b.it la.tcheb a'le p'lov.ided to &ynch'lO

nize the 'lOW and column wa.ve60'lm&, applied to the ma.t'l.ix di.bpla.y. The

two betb 06 20 LCV d'l.ive1£&conbibt 06 ana109 multiplexe'lb to gene'la.te

the add'leMing waVe60'lmb by bwitch.ing the volta.ge leveib 6'lOm the V LG.

The 6hbt bet 06 20 d'l.ive'lb ca.n bw.itch the output voltage to anyone 06

the 60u'l levelb, v.iz., VI, V2, V3 a.nd V4 wh.i.le the, becond bet 06 20 dUVe1b

can bw.itch the output voltage to anyone 06 the 60u'l levelb, v.i.z., VI, V2,

V5 a.nd V6. The 6hM bet 06 20-d'live'lb a.'le p'l.ima.'lHy debi.gned a.& column

I&egment b.igna.l} d'l.ive'lb. The &econd &et 06 20-d'l.ive'lb ca.n eithe'l be ubed

ab column d'li.ve'lb 01£ a.b 'lOW !common bi.gna1} d'li.ve'lb and .ib p'lebelecta.ble

ub.ing the FCS .input. The M .input .i& p'lov.i.ded to 'leve'l&e the pola.'l.ity 06

the add'leM.ing waVe60'lmb 1601£the lAPT dibcuMed in cha.pte'l 2} .in o'lde'l
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to e.nbU'le. adc.-6'le.e. ope.'lation. Ail the. 40 - LCV d'l.ive.'lb c.an albO be. ube.d

ab 'lOW d'l.iVe.'lb .cnbte.ad 06 c.olumn d'live.'lb, .i6 the. voftage.b V3, V4, V5 and

V6 c.one.bpondto thobe. 06 '£Ow d'l.ive.'lb and .i6 the. app'lOp'l.iate. c.ont'lOl b.cgnalb,

viz., C L1, C L2 and M a'le. ge.ne.'late.d e.x.te.'lnally. The. tmth-table. .in Fig. 4.8

g.iVe.b the. LCV d'l.ive.'l output!> 60'£ all the. c.ombinaUon!> 06 FCS, Vata and

M.

Conh:ol Logic (CLl

Although the. c.ont'lOl log.ic. c.an be. ha'ld-wi'le.d ub.ing SSI and MSI IC!>,

a m.ic'lOp'lOc.eMo'l-babed C L .ib appwp'l.iate he'le. b.ince both the contwl 6unc

tionb and data 60'lmatt.ing c.an be. pe.'l60'lme.d by ub.ing the. Mme. m.ic.'lOp'lOc.e.

MO'l.

4.2 IMPLEMENTATION

The. .imple.me.ntaUon 06 BAT, HAT, IHA T, IHA T-S4, RPA T-NC and

RPA T-pc in the labO'latO'lY a'le dibcuMed in thi!> bection. Thib .ib 60Uowe.d

by the. e.x.pe.'l.ime.ntal 'le.bultb.

4.2.1 BAT

The BAT .ib demonbt'lated ubing a 6·ou'l cha'lacte'l, 16-begme.nt TN LCV

IAppe.nd.ix. 6.aJ.

aJ Vi!>pfay

A 16-!>e.gme.nt 60nt i!> u!>e.d he'le. to di!>play· alphabe.t!> luppe.'l ca!>eJ,

nume.'lal!> and bOme. !>pe.c.ial !>ymbol!>. The. .ide.nt.ical be.gme.nt patte.mb on

e.ach 06 the. top and bottom glaM plate.!> a'le. .inte.'lconne.cte.d to 60'lm a mat'lix..

He'le. the. .inte.'lc.onne.ct.ion .in e.ac.h glab!> plate. !>hould be. .in one. plane. without
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any c'lOHingb and ib bimila1 to the: layout on a bingle bided PC boa1d without

any jumpe'lb. Thib 1ebt1ic.tb the choice 06 the mat1ix 01ganibation. An inte'l-

connection bc.heme 601 a 60U1 chamcte1 anay which 1ebultb in a 4 x 76

mat1ix ib iUubl1ated in Fig.4.9. The numbe1 06 exte1nal connectionb he1e

.ib 20 (4 ww and 76 column connect.{onb) ab compa1ed to 65 (7 back-plane

a~d 16 x 4 begment connectionb) {n th e cabe 06 a d.i'lectly d1.iven d.i.bplay.

The bpec..{Mcat.i.onb 06 the dibplay a1e ab given below:-

Cha'lacte1bize

Active A1ea

Connect01 pitch

Th1ebhold Voltage

Sha'lpenM pa1amete1

78x72mm

70 x 20 mm

5.08 mm

2.03 V

72.8 %

The majO'l.ity, decibion in BAT demandb the numbe1 06 lineb ('lOWb) multi

plexed to be odd ab dibcuMed .in bect.{on 3.7.4. Hence, N ib choben to be

5 he1e. The belection,1atio ab calculated ubing eqn. (3.75).ib R=1.483.

It ib evident 6wm the bpeci6ic.ationb that the value 06 the bha1pneM pam

mete1 06 the N LC m.ixtu1e (RO-TN-67 9, a comme1c..{al mixtwle 610m F.Honn

mann La Roc.he & Co., Switze1landJ ib quite adequate 601 the p1ebent applica-

t.ion. The N 601 BAT when N = 5 .ib 7.777 (ubing eqn. 3.19).
eq

b) Ha1dwa1e

The bchematic. diag1am 06 the dioplay bYbtem ib given in Fig.4.70.

The dibpla.y ib inte16aced to a keyboa1d (ReA VP-60 7). The 8-bit pa1a1le.l

ASCll codeb 6'lOm the keyboa1d a1e bt01ed .in CD 4036A, a 4 x 8 bit CMOS

RAM.
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The Sequence Genemto'l ISG} 06 length 32 .i6 .implemented u6.ing

CD 40 15B lVual 4-6ta.ge 6hi6t 'legi6te'l with 6e'lia! input a.nd pa.'lal!el output6},

CD 4030 IQuad Exdu6.ive-OR ga.te} a.nd CV 4002 IVual 4-lnput NOR Ga.te}.

The Cha.'la.cte'l Gene'la.to'l ICG} a.nd the Column S.ignal Gene'la.to'l

ICSG}, 6hown in Fig.4.1 a.'le combined .into a. 6.ingle block a.6 di6cu66ed .in

6ect.ion 4.1.1 and the 6a.me .i6 .implemented u6.ing a. ROM. The 6-bU ASCll

code n'lOm the RAM ICV4036} togethe'l with the 5-b.it6 6'lom the SG l'lOw

6elect patte'ln) 60'lm the a.dd'leM .input to th.i6 ROM. The 60u'l column 6.ignal6

cO'l'le6pond.ing to a. 6.ingle cha.'la.cte'l a.nd a. 'lOw-6elect pa.tte'ln a.'le 6to'led

.in one loca.t.i.on 06 the ROM. The total memo'lY 'lequ.i'lement he'le .i6 216+5}x

4-b.it6, .i.e., 8-K b.it6. 27C32, a. 4K x 8-b.it6 CMOS UV-EPROM .i6 u6ed he'le.

The column 6igna.l6 6'lOm the EPROM a.'le loaded into CV4035, a.

4-6ta.ge pa.'la.ffel-in/pa.'la.Uel-out 6hi6t 'legi6te'l. They a.'le 6e'lially 6h.i6ted

out 06 cO 4035 .into a. 16-bit 6e'lial-in/pa.'la.llel-out 6h.i6t 'leg.i6te'l. Th.i6 .i6

.implementedu6ing two CD 4015, a. dual 4-6ta.ge 6e'lial-in/pa.'lallel-out 6hi6t

'leg.i6te'l. Fou'l CV 40546 14-6egment di6play d'l.ive'l commonly u6ed .in d.i'lecUy

d'liven LCV6} a.'le u6ed he'le, a.6 column d'l.ive'l6. Ea.ch one 06 the6e d'l.ive'l6

.i6 connected to the cO'l'le6pond.ing 4-b.it column 6.ignal loaded .into the CV

40156. An additional CD4054 i6 u6ed a.6 the '£Ow d'live'l with a. 4-bit .input

IRSO to RS3} 6'lOm the Sequence Genemto'l ISG}.The RS4 output On the

SG lc.o'l'le6ponding to the dummy '£Ow} i6 u6ed nO'l the gene'la.t.ion 06 the

column 6.ignal6 only a.nd i6 not connected to the d.i6pla.y. The 'lOW a.nd column

bignalb a.'le loaded 6imulta.neoubly into the latch p'lOv.ided in each 06 the

CV 4054 d'l.ive'l6. The a.mplitude6 06 the a.dd'leMing wa.ve60'lmb ca.n be va.'lied

ub.ing the level 6h.i6tb in the CD 4054 d'live'l. The bUpply volta.ge 'lequ.i'led
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60'l BAT, when N = 5 all dete'lm.ined ull.ing eqn. 13.23) .ill 1.189 VthO Henc.e

the amplitude 06 the add'C.e.bbing wave.60'C.m bhould be. 3.632 V bince. the.

Vth 06 the N LC matu'le ulled .in the d.ibplay .ill 2.03 V, all g.iven .in the llpec.i

6ic.at<onb. The. buppllj voltage. 60'C.the. dibplalj blj bte.m he.'C.e.ib not conbt 'C.a<ne.d

blj amp£'itude 06 the add'leM.i.ng waVe60'lmb ll.i.nc.e th.ib value .(ll lowe'l ab

c.ompa.ud to 5V, 'le.qui'C.e.d60'C.the. ke.ljboa'C.d, EPROM and the.' logic Ci'C.c.u{tb.

The potenUal di66e'lenc.e between VDD and VEE te'lm.inal ill maintained

at 1.18 9 Vth .in o'C.de.'l to achie.ve. the. 'C.e.qui'C.e.damplitude. 60'C.the. add'C.e.Ming;'
waVe60'lmb.

Some.; impo'C.tant bignalb ge.ne.'C.ate.din the. C ontwl Logic. IC L) to bljnc.hw

nize the.. ope.mUon 06 the. 'di.llplalj bljbte.m a'C.egive.n be.low:-

2-b.i.t multiplexe.d add'le.llll 60'l 'C.e.ad/w'lite ope'laUon 06 the· CD 4036,

PIS cont'lOl to the. CD 4035, 'C.e.qui'C.e.d60'C.pa.'C.alle.l-loading and be.'C..i.a.l

llhi6t.i.ng 06 i.n60'lmat.i.on,

eLK 1 oO'C. the. CD 4035,

C LK2 oO'C. bhioUng the. data in CD 4035,

L 60'l loading the. .tatc.hell in CD 4054,

C L to contwl the.dibplalj 'C.e.6'C.e.bh'C.ate..

The. cont wI logic ib imple.me.nte.d ubing CD 4041 la Monobtable./ Abtable.

Multivib'lato'l), CD 4013, IDual D FUp-Flop with Se.t!Rellet), CD 4520 IDual

Bina'C.lj Up Counte.'C.) and CD 4053 (T'C.iple. 2-Channe.l MuIUple.xe.'C.IDe.mulU

plexe'l). The dillplay ill 'le6'lellhed at a 'late 06 about 50Hz, whic.h ill adequate

to e.nbu'C.e.both the. 'C.mb'C.e.bponbe.and oUcke.'C.-o'C.e.e.ope.'C.ation 06 the. d.ibplay.
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c} Re.bu'ub

The. photog'laphb 06 the. 4 cha'lacte.'l 16-be.gme.nt a1phanume.1ic dibplay

a1e. bhown in Fig.4.". Both the. po!:Jitive. and ne.gati.ve. c..ont1.abt mode.b in

TN LCVb a1.e. de.monbt1.ate.d he.1.e..F1.om the.be. photog1.aphb .it ib e.vide.nt

that the. cont1.abt in the. dibplay ib good in bpite. 06 the. lowe.1. oe.le.cti.on

l.atio 06 BAT, thib ib pOMible. be.caube. 06 a p1.Ope.1.choice. 06 the. NLC mix

tU1e.. Typical add1.e.Ming wave.601.mb ab we.lt ab the. typical wave.601.mb aC1.OM

the. ON and OFF piXe.£b in the. dibplay give.n in Fig.4.12. The. be.le.ction 1ati.o,

which ib the. mObt impo1.tant pa1ame.te.1. 06 an add1.e.Ming te.chnique. can

be. de.te.1mine.d by me.abU1ing the. l.mb voltage. aC1.OMthe. ON and OFF piXe.£b.

HP 3461A Logging Multime.te.1, capable. 06 me.abu1ing t1.Ue.-1.mb vo'uage.

wab ube.d 601 thib pU1.pObe..The. V ON l1.mb} and V OFF 11mb} we.1.e. me.aou1.e.d

601. Va1.iOUbbupply vo'uage.b lamplitude. 06 the. d1.ive. wave.601.mo}. Fi.g.4.13

bhowb the. e.xpe.1i.me.nta1 value.b 06 the.be. l.mb voltage.b vb. the. bUpply voltage.

along with the. the.01.e.tical CU1.Ve.b601. the. bame. IUbing e.qnb. 3.18 and 3.22},

601 cOmpa1.iMn. The. value. 06 the. be.le.ction mti.o obtained 61.Omthe. me.aOU1e.

me.ntb ag1.e.e.with the. the.o1.e.tical calculationb within ± 1% •

4.2.2. HAT

The. HAT ib de.monbt'late.d ubing a 32x 32 mat1i.x TNLCD.

The. bpe.ci6i.cati.onb 06 the. 32x32 mat1.ix TNLCV a1.e. give.n be.£ow:-

Phe.l !:Jize.

Active. a 'lea

2 x 2 mm

12 x 12 mm
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Fig. 4.11. Photogwph6 06 a di.6play add'C.eMed with BAT IN = 5).
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- WF1

- WF2

a) Typical add1e.6bing wave.601m6. (t)F 1 - 'LOW and WF2 - column.

- WF3

- WF4

bl Typical wave.601m6 aC'106b pixe.l6. WF3 -ON and WF4 - OFF

Fig. 4.12. Wave.601m6 06 BAT when N = 5 •
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BAT wIth N = 5
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Conne.ctol£ Pitch :2.54 mm

Thl£e.bhofd voltage.

:1.76 V

Shal£pne.M pal£ame.te.1£

:12.5 %

R'ibe. time.

:66 mb

Fall time.

:50 m6.

The. HAT de.mandb the. value. 06 I to be. odd ab dibcuMe.d in be.ct.ion

3.2. The value 06 1 i6 ch06en to be 3 he'£e, bince Neq i6 minimum in thi6

cabe. (Table. 3.6). The. value. 06 N ib chobe.n to be. 33, bince. N bhoufd be.

an" integmi multiple. 06 i all dillcuMed in bection 3.2. The additional dummy

1£OW.ill not conne.cte.d to the. d.ibplay and .ill ubed only 601£ the. ge.ne.l£ation

06 the addl£eMing wave60'£mll. The value 06 Ne.q 60'£ HAT, when N = 33 and

1 = 3 .ib 44 (ub.i.ng e.qn. 3.41). The. lle.le.ction l£atio ab calculate.d ulling e.ithe.1£

the value 06 Neq and eqn~ (2.20) 0'£ eqn. 13.37) .ill R= 1.164. It ill evident

61£Omthe llpeci6.{cationll give.n above., that the value. 06 the. bhal£pne.M pal£a

metel£ ill adequate 60'£ thill applkat.i.on.

b) H a'£dwa'£e

A de.tailed block diagmm 06 the. d.illplay byllte.m ubing HAT .ib given

m F.ig.4.14. The .in60'£mation to be di6played ill lltol£ed in 2716, a 2Kx8-bit

UV-EPROM. Pixel in60l£mat.ion COHe.bponding to a bingle. ww 06 the. matl£ix

dillplay ill !>toud in 4 llucceMive byte!> 06 thill memo'£y. Hence, the 6.{Ht

two addl£e.M .inputll al£e. ube.d to ac.qu.il£e.the p.ixel in601£mation COHe.llponding

to a 1£OW.The next 6ive addl£eM inputll cO'l'lellpond to the 32 1£OWll06 the

matl£ix d.ibplayll. Thel£e.maining 4 add'£eM inputll al£e. ulled to llefe.ct one.

06 the 16 61amell llto'£ed in the memo'£y. An EPROM i!> ulled he'£e, llince

the. dibplay bYbte.m ill de.bigned to de.monlltl£ate the. HAT. A RAM and lluitable.
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inte.'l6ae.e. mUbt be. p'lOv.ide.d in e.abe. the. dibplay bybte.m hab to be. ube.d ab

a pe.'liph e.'lal de.vie.e..

The. 8-bit pa'lalle.l output 6'lOm the. 2116 ib e.onne.e.te.d to be.'lial data

ubing CD 4014, an 8-btage. Syne.h'lOnoub Shi6t Re.gibte.'l with Pa'lalle.f O'l

Se.'lial Input/Se.'lial Output. The. be.'lial data 6'lom the. CD 4014 ib loade.d

into a Re.-Ci'le.ulat.ing Re.gibte.'l (RCR). Thib ib imple.me.nte.d ubing CD 40100,

a 32-btage btatic. Lent/Right ShiM Re.gibte.'l. The Re-c.i.'lc.ufate Cont'lof IRC)

'le.qui'le.d 60'l the. CD 401006 ib ge.ne.mte.d ubing CD 4555, Dual Bina'lY to

1 06 4 Dec.ode.'l/Demultiplexe.'l. The data in the. CD 401 OOb c.O'l'le.bpondb

to the. wbg'lOup 06 'lOWb to be. be.le.e.te.dne.xt.

The. outputb 6'lO/1I the. R CR a'le.' e.ompa'led with the 'lOW-bele.c.t pattem

(RSO to RS2) bit-by-bd by ubing CD 4070, Quad Exc.lubive-OR gate. A

6uU-adde1 c.an be ubed ab a majo'lity de.e.ibion e.i'le.uit, with the output 06

the th'lee Exc.lubive.-O'l gate.b ab the. input to the. adde.'l and the. c.aHy-output

06 the 6ull adde'l give the majo'lity de.e.ibion. Thib ib imple.me.nted ubing

CD 4008, a 4-bi.t Full Adde.'l. The bit-by-bit c.ompa'libOn along with the.

majo'lity dee.ibion 60'lmb the Column Signal Gene'lato'l 60'l HAT ab dibe.UMe.d

in be.e.tion 4.1.

HD 44100, an LCD D'live'l with 40-e.hannel outpd ib ube.d ab the e.olumn

d'live.'l. Fig. 4.8' giveb the. bc.he.matic. diag'lam 06 HD 44100. The. data 6'lOm

the. CSG ib bhi6te.d be.'lially into the. bhi6t 'legibte'l. The. voftage. leve.lb -v c.

and +V 6'lOm the Voltage. Le.vel Ge.ne.'lato'l IV LG) a'le. c.onne.e.ted to the
e.

44100 and the outputb a'le. bwite.hed to one. 06 thebe. two voltage. le.ve.lb.

The. 3-bit 'lOW-betee.t patte. 'lnb (RSO to RS2) a'le ge.ne.'Lated ubing a



4.34

c..ountel£ a.nd a. b.ina.l£Y to gl£a.y c.ode c..Onvel£tH ub.ing CD 4520 a.nd CD 40,0.

The 1£0w-be.lec..t pa.ttel£nb a.l£e level bhi6ted to 601£m the wW-belec..t wa.ve601£mb

(RWO - RW2) ubing a. CD 4054, a. 4-begment LCD dl£.ivel£. The UEE tel£m.ina.l

06 CD 4.054 ib c..onnec..ted to -u 06 U LG bO tha.t the outputb 06 CV 4054
1£

bw.ing 6wm +U to -U a.b l£equ.il£ed 601£the belec..ted WWb .in HAT.
1£ 1£

The Sub-Gwup Sequenc..e'l (SGS) .ib .implemented ub.ing CD 401" Dec..a.de

Countel£lViv.idu with 10 Vec.ode.d Vedma.l Outputb (Ring CounteJc). The

length 06 th.ib c..ountel£ .ib extended to 11 (tota.l numbe.l£ 06 bUbgl£OUpb) by

ubing two CV 4017 a.long with Clod. IYlhibit (CI) aYld Re.be.t (R) a.b bhown

.in F.ig.4.14. The. outputb 06 th.ib SGS be.lec.t 1- 06 the. 11- bUbgwup 06 WWb.

The. SGS ib bIjYlc.h'lOYlize.d with the. add'le.bb iYlput 06 'Z?16, bO tha.t the. data.

.iYl the c..olumn dl£ivel£b c..onebpondb to the bele.c..ted bubgwup.

The ww dl£ivetb c..onMbt 06 one CD-4053, Tt.iple 2-c.ha.nnel Mult.iplexet/

Vemultiple.xel£ pe.l£ bubgwup. The WWb iYl the. belec.te.d bubgwupb a.1£e.c.oYlne.c.

ted to one 06 the wW-be.lec.t wa.ve60"lmb (RWO to RW2), while the WWb

iYl the. uYlbe.le.c.te.d bubg'lOupb a'le. c.oYlYle.c.te.d to voftage. le.vel '0' 6'lOm ULG

(a.b d.ibc..ubbed .in bec..Uon 3.2). The. bUbgwupb a."le belec.ted ub.ing CD 401,

ab dibc..Ubbe.d a.bove.. The. UEE te"lmma.l .ib c.oYlne.c..te.d to the. ne.ga.tive. buppllj

"lail UEE, bO tha.t .it c.a.n bwitc.h the. wW-belec..t wa.ve60"lmb with a.n a.mpU

tude bwiYlg +U to -U •'L 'L

The value 06 U IU 60"l N = 33 ib 3.317, a.b c..alc..ula.ted ubing eQYI. 3.36.'l c..

The. value.b 06 the. 'Le.bibtO-tb ube.d iYl the. ULG a.'Le. give.YI in F.ig.4.14. Ttimme.d

"leb.ibtO"lb with the.i"l va.lueb a.c.c.U"la.te to the 3"ld dec...imal pOb.iUon a.'Le ubed

he.'Le..

Some. impo'ltaYlt bigna.lb ge.Yle.'late.d iYl the. COYltwl Logic.· (CLl 60t
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6ync.h'lOniz(ng the va'(.iou6 btoc.k6 in the di6play 6y6tem au giv~~ below:

11'-bit add1eM n01 1eading the pixel iYln01maUon n10m 2f 16.

P/Sc.ont'lOl 06 CD 4014 601 the pa.1allelload and 6e1ial 6hi6t 06 the

inn01maUon 6'lOm 2f 16.

CL, the doc.k 601 CD 4014.

2-bi.t c.ont10l 6.ignal to CD 4555 to 6elect the .toad/Re-c.h.c.ulate mode

06 CD 401006.

CLK2 to 6e'lially 6h.i6t the data 6'lOm CSG .into the column d1.ive'l.

CLK1 to .tatc.h the 'low-6elec.t CD 4054 and column data in HV 44100.

The c.ont'lOl logic i6 .implemented u6.ing a6table multiv.i.b1at01 (ubing

CD 4047 a6 the ba6.ic doc.k), counte.'16, 6l.ip-6lop6 and gate6. The c.ont'lOl

logic. i6 ha'ld-wi'led 60'l the 60ltowing 'lOW-6e.tect 6equence.

The belec.ted 6ubg'lOUp6 a'le 6ubiec.ted to add'leMing with all the 8 (=23)

'lOW-6e.tec.t patt em6 6Uc.c.eM.ively be60'le 6elec.ting the next 6ubg'lOup6.

The 6ubg10up6 a'le 6elec.ted 6equentially in the 6ame 01de1 a6 they

. a1e .in the mat'lix di6play.

The di6play i6 1e61e6hed at about 50 Hz, whic.h i6 qu.i.te adequate

to en6U'le the 'lm6 1e6pon6e a6 well a6 the. 6licke'l-6'le.e ope'lation 06

the di6play.

d Re6utt6

The photog1aph6 On the 32 x 32 matlf.ix TNLCD, add'leMed wi.th HAT
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a.u bhown .in F.ig.4.15. The. SG ba.be.d on G'laJj c.ode. a.nd the. be.que.nt.i.al bc.a.nn

ing 06 &ubg'lOup& we.'le. 60und ade.quate. to give. a. good pixd b'lightne.M uni60'l

mity Iwith out a.ny c.ont'la.bt va.'lia.t.i.on) a.b it ib e.v.i.de.nt 6'lOm the. photog'la.phb

06 Fi.g.4.15. The. photog'la.ph& 06 a. 32x32 ma.t'l.(x. di&pfay Iha.ving the. Mme.

bpe.d6.ic.a.t.i.on 06 the. dibplay a.dd'le.bbe.d with HAT) a.dd'le.Me.d with IAPT a.-'le.

&hown in F.i.g.4.16 60'1.a. c.ompa.'l.i.&on. The b'l.i.ghtneM non-UYli60'lm{ty 06 pixe.l&

a.dd-'le.Me.dwith IAPT de.pe.ndb on the. ima.ge. be.ing di6p!a.ye.d and thi6 ib iUU6tl£a.- ,

te.d in Fig.4.16. Th.i.& non-un.i.60'lmity can ea.&{1y be .i.de.nU6{e.d by obbe'lV.i.ng

the. g-'le.y le.vd 06 the. ba.c.kg'lOund pUe.16. The. b-'l.ightne.M uni60-'lm.ity 06 the.

06 IAPT although the. c.ont'la.bt·.ib lowe.-'l a.6 c.ompa.-'le.d to tha.t 06 IAPT a.&

&hown .i.n Fig.4.15 a.nd Fig.4.16. Typica.l adduMing wa.ve60'lm& applied to

the. '£Ow and c.olumn 06 the. mat'lix d.ibplay a6 we.ll a.b the. typ.i.c.al wave.60-'lm

aC'lOM the ON and OFF p.i.xel& a'le &hown .in Fig. 4.11. The 'lmb voltage aC'lOM.

the. ON a.nd OFF p.iXe.lb we.'le. me.a.ouud uoing HP 3461A, Logging mu.tti

mete'l capable. 06 me.a&u'ling t'lUe-'lm& voltageb. Fig.4.18 giveb the plot

06 -'lm6 voltage. Ia.C'lOOO ON and OFF p.i.xelb) vb. &upply voltage.. The the.o'le.ti

ca1 CU'lVeb in th.i.b plot a'le obtained ubing eqn&. 13.46) and (3.31'. The.be

c.wrve.6 at'e. p'lOv.ide.d 60'1. a c.ompa'l.ibon w.ith the. expe.-'l.ime.nta1 'le.wltb. The

value. 06 the. be.lection 'laUo obtained n'lOm the me.abU'lementb ag'lee with

the theout.i.cal value within t 1%.

4.2.3 lHAT

The IHA T ib de.monbt'lated ubing a 64 x 64 mat'lix TN LCV.
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Fig. 4.15. Photog'laplt.b 06 a di.bptay add'le.Me.d with HAT
IN = 33 al1d t :: 31..



Fig. 4.16. Photogmph6 06 a. dhpfa.y addn2.60e..dwi.th IAPT

IN = 32) •

4.38
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- WFI

- WF2

a) Typical addte.b6ing wave.60tm~. wn - tOW and tuF2 - column.

bl Typical wave.6Otm~ aCtOM pixe.l~. WF3 - OFF and WF4 - ON.

F{g.4.11. Wave.60'lmb 06 HAT when N = 33 and 1 = 3 .
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The. bpe.c..i6{cat.ionb 06 the. 64 x 64 mat'lix TN LCV a'le. give.n be.low:-

Phe.l bize. ·1 x 1 mm·
Active. a'le.a

:80 x 80 mm

Conne.cto'l p.itch

:2.54 mm

Th'le.bhold voltage.

:1.16 V

Sha'lpne.M pa'lame.te. 'l

·12.5 %·
R.ibe. time.

:66 mb

Fall time.

:50 mb.

The. value. 06 I .ib chobe.n to be. 1 he'le., &.ince.it ie.adb to a good 'le.duc

t.ion .in the. bupply voltage. 'le.qui'le.me.nt ab bhown in Fig.3.6. The. value. 06

N, the. numbe. 'l 06 line.b multiple.xe.d bhould be. an inte.g'lal multiple. '06 I ab

dibcuMe.d in be.ct.ion 3.3. He.nce., N ib chobe.n to be. 63, a numbe.'l dObe. to

the. numbe.'l 06 'lOwbin the. mat'lix dibplay. The. be.le.ction 'latio 06 IHA T

ib the. bame. ab that 06 APT O'l lAPT and he.nce. Ne.q 06 IHA T ib N, ab dibcu

Me.d in be.ction 3.3. The. be.le.ction 'latio ib 1.135, 60'l N = 63. It ib e.vide.nt

6.10m the. bpe.c.iMcat.ionb give.n above., that the. value. 06 the. bha'lpne.M pa'la

me.te.'l 06 the. N LC mixtu'le. ib jUbt ade.quate. 60'l thib application. The. bupply

voltage. 'le.quhe.me.nt 06 .1HA T whe.n N = 63 ab calculate.d ubing e.qn. {3.99 J

ib 4.-538 V th' Thib value. ib only 61.13 % 06 the. bupply voltage. 'le.qui1e.me.nt

06 lAPT.

bJ Ha'ldwa1e.

A de.ta.i.le.d block diag'lam 06 the. dibplay bYbte.m ubing IHA T ib g.ive.n

.(11 Fig.4.19. The. in60'lmation to be. dibplayed ib bto'led in HN 462532, a
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4Kx8-bit UV-EPROM. An EPROM i~ u~ed hHe, ~ince the di~pta.lf ~y~tem

i6 de~igned onty to demon6t1ate the IH A T. A 'RAM and ~uitabte inte10ace

mu~t be pwvided in ca~e the di~pfu.y i~ to be u~ed a~ a pe'liphe'lat device.

A ,-bit data in a byte 00 thi~ mem01Y coue6pond6 to the pixel ino01matioYl

00 a cotumn in -a wbg'lOup. Thi!> data oO'lmat eUmmate!> the need n01 a

pamllel to 6e1ial conve16ion, which i6 tequi1ed io the pixel ino01mation

i~ !>to'led ww-wi!>e. The Q{ut 6-bit~ 06 the addteM input to the memo'lY

COHe6pond6 to the 64-columnb in the mat'la di6play. The next 4-bit6 CO'l'le

!>pond to the nine ~ubg'loup~ 06 '£Ow!>in the mat>£ix di~pfu.y. The temaining

2-bitb a1e u6ed to 6elect one 00 the OOU'l 01ame6 6to'led in thi6 mem01Y.

The ,-bit pamltel data 6'lOm the mem01Y ib loaded into the 'Re-ci1cu

fating Regi~te'l (RCR). Thi~ i~ implemented u~ing ~even CD 4031, ~4-!>tage

Static ShiM Regibteu. The data in thib RC'R couebpond6 to the 6ubg'lOUpb

06 'lOWb to be belected next. The mode-cant-wI and the dock 60t~ the CD

4031 b a1e genemted in the contwllogic.

The Sequence GenetatOt i!> implemented u6ing CD 4040, 12-~tage

'Ripple-Catty Bina'lY Countet/Divi.det and CD 40,0, Quad Exdu6ive-O'R

Gate a!> !>hown in Fig. 4.19. The output ~equence. co'ltebpond!> to a 'I-bit

G1ay code.

The Column Signal Genetato'l leSG) ib implemented ubing CD 4070

and CD 4008, 4-Bit FuU Addet~ The 'I-bit output otOm the RCR i~ compa

ted bit-by-bit with the 'low-belect pattetn IRSO- 'RS6J ubing the Exclu~ive-O'R

gate~. The "numbet 06 ettOt~ (logic 1 at the output 00 the Exdu~ive-OR

gateJ i6 counted ubing two CD 4008 ab bhown in Fig.4.19. The. unubed input
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On the. adde.u a'le. conne.cte.d to logi.c. 0 and it if> impo'ltant to note. that

al£ the. inputo to the.be. adde.'lb have. e.qual we.ightage.. The. 3-bit output, v.£z.,

X{n}, Y{n} 'and Z{n} On the. adde.'l giVe.b the. numbe.'l On e.'l'lO'lb {which 'lange.b

6'lOm 0-, de.pe.nding on the. 'lOW-be.le.et pa.tte.'ln and the. data to be. dibplaye.d

.{Yl a column 06 the. be.le.cte.d wb-g'loupJ.

The. Column D'live.'l conbibtb 06 bixtY-noU'l CD 4051, T'liple. 2-Channe.l

Analog Muttiple.xe.'l/De.muftiple.xe.'l and b.i.x HV 44100, LCV V'live.'l with

40-channe.l outputb. It ib impo'ltant to note. that the. HD 44100b au ube.d

he.'le. only to be.'liaUybhi6t in the. c(ata 6'lOm the. CSG and to latch the.m

in pcualle.l, uMng the. bhN/ 'le.gibte.'l and the. latch available. in the. HV 44100b.

The.y a'le. not ube.d ab LCV d'live.'lb bince. HV 44100 can bwitch only two

voltage. ~le.ve.U cone.bponding to the. I-bit data in the. .latch while. the. IHA T

'le.qui'le.b 8-voftage. le.ve.lb to be. bwitche.d in thib application ab dibcUMe.d

e.a'll.ie.'l. The. CD 4051 ib ube.d to bwitch one. on the. e.ight voltage. le.ve.lbI

(v o-V,) n'lOm the. V LG.

The. 'lOw-be.le.ct patte.'lYl ib le.ve.1-bhi6te.d ubing CV 4054 tOnO'lm the.

Row wave.60'lmb (RW6- RWO). The.be. wave.60'lmb a'le. applie.d to the. be.le.cte.d

bubg'lOUp On 'lOWb and the.i'l amplitude. ib e.ithe.'l -V O'l +V de.pe.nding on'l 'l

the. 'lOW-be.le.ct patte.'ln. The. 'lOW wave.60'lmb a'le. bynch'lOnize.d with the. column

wave.60'lmb by latching the. 'lOW-be.te.ct patte. 'lYl cone.bponding to the. data

in the. column d'live.'lb into the. CD-4054 bimuitane.oubly ab the. c.ofumn data.

Twe.nty-one. CV 4053, T'liple. 2-channe.l MuIUple.xe.'l/Ve.mult.iple.xe.'l

au ube.d ab Row D'live.'lb (RD). The. CD 4053 e.ithe.'l conne.ctb one. 06 the.

'lOW wave.nMmb (RWO - RW6) O'l the. voftage. le.ve.l '0' 6'lOm the. V LG de.pend-



.cng on the. cont'lOI., nwm the. Sub-G'lOup Se.que.nce.'l (SGS). The.. 'lOWb in the.

be.le.cte.d, bubg'lOup a'le. conne.cte.d to the. 'lOW wave.60'lmb, while. the. 'lOWb

in the. unbe.le.cte.d bubg'lOUpb a'le. conne.cte.d to the. voltage. le.ve.l 0 ab dibcUMe.d

in be.ction 3.3.

The. Sub-G'lOup Se.que.nce.'l (SGS) ib imple.me.nte.d ubing CV 4017, Ve.cade.

Counte.'l/Vivide.'l with 10 Ve.c.ode.d Ve.cima1 Outputb. The. SGS be.le.ctb1 on

the. 9- bubg'loup 06 'lOWb. The. SGS .ib b!fnc.h'lOnhe.d w.ith the. add'le.M input

06 the. me.mO'l!f, bO that the. data .in the. c.olumn d'l.ive.'lb c.one.bpondb to the.

be.le.c.te.dbubg'lOup.

The. 'latio ViVo nOt N = 63 ib calculate.d nwm e.qn. (3.84). The. 'ldative.

magnitude.b 06 the. c.olumn voltage. a'le. ab pe.'l e.qn. (3.85) and a'le. bhown

in Table. 3.9. The. V LG imple.me.nt e.d ubing t'limme.d 'le.bibtMb, with the.h

value.b ac.c.U'late. to t '.ohm ib bhown in Fig.4.19.

Some. impo'ltant bignalb ge.ne.'late.d in the. Cont'lOl Logic. (C LJ 60'l a

p'lOpe.'l 6unc.tion 06 the. Va'liOub bloc.kb in the. dibpla!f b!fbte.m a'le. give.n be.low:-

12-bit add'le.M to the. HN 462532 60'l 'le.ading the. p.ixe.l in60'lmat.ion

n'lOm the. me.mO'l!f.

CL, the. doc.k to CD 4031b.

MC, the. mode. c.ontwl to the. CD 4031 b to load the. datao'lOm HN

462532 O'l to 'le.d'lculate. the. data.in the. CV 4031b.

C L 2, to HD 44100b to be.'liall!f bh.i6t in the. data o'lOm the. CSG.

CLI to load the. data into the.latc.h 06 HV 44100.

Clock to the. CV4040.

C LK, the. doc.k to CD 4017 •
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The. C L-ib ha'ld-whe.d 60'l the. 60llow-ing 'lOw-be.le.et be.que.nee.:-

Each bUb-g'lOup i.b be.le.ete.d with OOU'l 'lOw-be.le.et y.xttte.'lnb be.oo'le. the.

ne.xt bUb-g'lOup i.b be.le.ete.d.

The. bUbg'lOUpba'le. be.le.ete.d be.que.nti.aUy one. a6te.'l the. othe.'l.

The. C L hab 6le.xi.bWty lbwi.tch be.le.ctable.} to change. the 6ou'l 'lOW

be.le.et patte.'ln e.i.the.'l whe.n a ne.w wbg'lOup i.bbe.le.ete.d O'l at the. e.nd

06 be.le.cting all the. nine.-bUbg'loUpb. The. bubg'lOUpb a'le. be.le.ete.d e.ach

Ume. 60'l a dutation 06 app'lOximate.ly .1 mb. Although the. time. 'le.qui

'le.d to comple.~e.a cycle. i.b app'lOxi.mate.ly 120 mb, no oUcke.'l i.b Obbe.1

ve.d Mnee. the. bubg'loUpb a'le. be.le.eted a6te.'l e.ve.'lY 3.6 mb.

cJ Re.bultb

The. photog1aph 00 the. 64x64 mat1i.x TNLCD, add1e.bbe.d ub-ing IHAT

a'le. bhown -in Fig. 4.2 O. The. uppe.'l photog'laph -in the. 6{gU'le.iUubt'late.b the.

cont1abt va1i.aUon -in TN LCDb w-ith the. v-ie.wi.ng angle. ab we.ll ab the.i.nte.nbity

06 tight 6ailing on it. The. lowe.'l photog'laph in the. bame. 6igu'le. illubt'late.b

the. b'l-ightne.M un-io01mi.ty 00 the. pi.Xe.lb i.n the. d-ibplay add1e.Me.d w-ith IHA T.

Both the. beanning be.que.nee.bdibCUMe.d above. have. 'le.buUe.d -in a good pixe.l

b1-ightne.M uni.60'lmi.ty. TYp{cal add'le.Mi.ng wave.601mb applie.d to the. 'lOW and

column 06 the. mat'lix LCD ab we.ll ab the. wave.60'lmb ae'lOM the. ON and

OFF pix,e.fb a'le. bhown in Fi.g.4.'21. The. 1mb voltage. aC'lOM the. ON and OFF

pixe.lb we.'le. me.abu'le.d ubing HP3467A, a Logging multi.me.te.'l capable. 06

meabu1ing t'lUe.-1mb voltage.. Fi.g.4.22 give.b •..the. plot 06 'lmb voltage. aC'lOM

the. ON and OFF pi.xe.lb Vb. bUpply voltage.. The. the.o'le.t.ieai eU'lve.b 06 th.ib

plot a'le. obtaine.d by ubing e.qnb. 13.99) and 13.91). The.be. eU'lve.b a'le. 6hown



Fig. 4.20. Photog'laph~ on a di~plalj add'le.Me.d with

IH A T (N = 63 and l = 7) •
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aJ Typical 'tOw wave60'lm~ 06 IHAT.

b) Typical column wave60'lm 06 IHAT .

Fig. 4.21. WaVe60'lm6 06 IH A T when N = 63 and l = 7 •
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cJ Typic.al wave60~m ac.10M an ON pixel in IH AT.

d) Typic.al wave60~m ac.Wbb an OFF pixel in IH AT.

Fig. 4.21. WavenOfm6 06 IHAT when N = 63 and i = ., •
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60'r c.ompa.i-ibon wi.th the expHimental 'rewttb. The meabu'red vatueb 06 the

'lmb voltage ac.'lOM the. pixe.lb a're. lowe.'l than the. the.o'le.tic.al vatUe.b. Thib

may be att'ri.buted to the ii.mited bandwi.dth 06 the meabu'ri.ng i.nbt'rume.nt.

The. value. 00 the. be.le.c.tion 'latio obtaine.d owm the. me.abU'lementb ag're.e.

wi.th the. the.o'retic.al value. withi.n t 1 %, aft hough the 'rmb vottage. ac.-toM

the. ON and OFF pixe.lb a'le. lowe.'r than the the.O'le.tic.al value.b ab· bhown

i.n Fi.g. 4.22.

4.2.4. IHAT-S4

The.lHAT-S4 ib de.monbt'rated ubing a 64x64 mat'rix TNLCV.

a) Vibplay

The bpec.i.6i.c.ationb 06 the 64 x 64 mat'ri.x TN LCV ate the Mme ab

that 06 the. dibplay ube.d 00'l the. de.monbt'lation 06 IH AT. The. value 06 £

i.b c.hoben to be .,. bO that the 'rebuitb 06 IH A T and IH AT -S4 c.an be c.ompa

'red. The. value. 06 N ib again 63. The. be.M pOMible value. 60'r Neq' whe.n

l=" i.b (232N/215) ab bhown in Table 3.16. The. be.le.c.tion 'ratio 60'r N=63

ill 1.130, whic.h ill 99.5% 00 the. maximum value. pOMible(ubing lAPT O'r

IHATJ. Howeve'r the bupply voftage 're.qui'rement 06 IHAT-S4 ill 5.13 Vth,

whic.h ib oniy ,5.9% 06 that 06 lAPT (Table 3.18J.

The ha'rdwa're 'reaUzation 06 IHA T-S4 ib the Mme all that 06 IH AT

e.xc.e.pt 60'l the ooiiowing bioc.kb:-

Column Signal Ge.ne.'rato'l (CSG)
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Apa1t 610m dete1mining the numbe1 06 enOH all in IHA T, they a1e

g10uped all 6hown {n Table 3.16. F{g.4.23.a g{Ve6 the adddional ha1d

wa1e. to modi6y the CSG 06 IHAT 601 IHAT ..S4 along with the twth

table 601 the CSG.

Column D1iveH (CD)

Th~ IH A T-S4 1eqU{1ell a 4-1 analogmuiUplexe1 a6 c.olumn d1ive1

whUe IHAT 1equi1ell a 8-1 analog multiplexe.1.

Voltage Level Gene1at01 (VLG)

Th@numbe1 06 voltagelevel6 1equi1ed 601 the column d1iveH. in IH A T-
, '

S4 ill 4 all compa1ed to 8 in the calle 06 IHAT. The numbe1 06 voltage levelll

.en the 10W wave601m {ll the Mme 601 both IHAT-S4 and.lHAT. The'1aUo

06 the 'lOW to column voltage 601 optimum lle.lecUon 1aUo ill di66e1ent 601
.

IHAT-S4 ·and ill all given by eqnll. (3.146) and (3.151). The, VLG ulled 601

IH AT -S4 ill1given in Fig. 4.2 3b.

The IH A T-$4 ill implemented by dupUcaUng the ha1dwa'le ulled 60'l

IHAT (Fig.4.18). The VLG ill implemented extemally all llhown in F{g.4.23b.

The c.onnectionll to the 8 inputll 06 the llixtY-60u'l CD 4051 kolumn d1ive'lll)

all 1equi1ed 601 the llimulation 06 IHA T-S4 ulling the PCB 601 IHA T ill llhown

in Fig.4.23c. ThUll, the !lame c.i'lcuit can beUlled 601 both IHAT and IHAT-$4

by me1ely changing the VLG.

Fig.4.24 givell a photogmph 06 the 64 x 64 mat1a TN LCV add'leMed

with IH AT -$4. It wall 60und that the1e {ll no app1edable change in the con

t1allt 'laUo 06 the dillplay compa'led to the dillplay add'leMed with IHA T,
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fi.g.4.24. Photogtaph!i 06 a di.bplay add'le.Med wi.th IHAT -54

IN = 63 and l = 1).
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t hib <b in ag'le.e.me.nt wit h th e. analYbib 06 be.c.tion 3.4. Although the. bupply

voltage. 06 IH AT -S4 ib bfi.ghUy highe1 than that 06 lH AT, the IH A T-S4 utai.nb

the lowe.'l powe'l bUpply voltage. 'le.quhe.me.nt ab c.ompa'le.d to lAPT (15.9%

06 lAPT). The Vbupply 06 IHAT-S4 ib 5.13 Vth ITable 3.18) ab c.ompa1ed

to 4.538 Vth (e.qn. 3.99) 06 IHAT, i.e.., 13% highe.1 than that 06 IHAT. The

va1iation 06 eont1abt in TN LCV with v.ie.w.ing angle and the intenbity 06

light <ndde.nt on d <b bhown <n Uppe.1 photog'laph 06 Fig.4.24. The b1<ghtnebb

uni601mity 06 pixe.lb add1e.Me.d with IH AT -S4 <b Wubt1ate.d .in the fOWe.1

photog'1.aph 06 the. !lame. Qig U'1.e.. The. b1ightne.bb un<Qo'lmdy 06 the. p<xelb

in the dibplay add'1.ebbed with IH A T -S 4 ib good, ab c.an be. be.en OW m the.

photog1aph at the. bottom 06 F<g.4.24. Thub, nea1ly a 50% 1educ.Uon in

the ha'ldwa'le in IHAT-S4 by ub.ing 4:1 mulUplexe'lb (inbte.ad 06 8:1 in the.

c.abe. 06 IHA Tl dOe.b not bigni6{c.anUy alte-1 the pe.100'1.manc.e 06 the. dibpfaq

bYbtem ab eompa1ed to IHA T. Typ.ic.al adduM.ing wave.601mb ab weUab

the. wave.601mb aetobb the. ON and OFF pixe.lb 06 thib dibplay add1e.bbed

with IHAT-S4 ate. bhown in Fig.4.25. The 1mb voltage ac.10M the. ON and

OFF pixelb we'le. me.abu'1.e.d ubing HP 3461A logging muftime.te'l. F<g.4.26

giveb the plot 06 the. V ON ('1.mb) and V OFF (1mb) 601 va1ioub value.b 00 the.

bUpply voltage. The. the.outic.al c.U'1.veb 06 the. !lame. a'1.'1.ived at by ubing

eqnb. (3.153) and (3.161) a'le alba p1e.bented 601 a eompa1lbon. The. meabU'led

value 00 the. 1mb voltage. ac.10bb the pixelb ib lowe1 than the the.O'1.eUeaf

value ab in the. c.abe. 06 IHA T. Thib may be. att1<bute.d to the l<mde.d band

width 06 the. me.abu'ling inbt1Ume.nt. The. be.leetion 1atio obtained 610m the

meaMuement ag'le.e.b within t1 % 06 the. theo'1.e.tic.al value. 06 1.130, although

the 1mb voltage ac.1Obb the. ON and OFF pixelb a1e. lowe1 than the the01etic.al

vafueb ab bhown in F<g.4.26.
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a) Ttjp.ic.al lOW wave.60'lm6 06 1HAT - 54 •

bl Typic.al column wave.60'lm 06 lHAT - 54 •

Fig. 4.25. Wave.60'lm6 06 lH AT-54 whe.n N = 63 and l = ., •
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c.J Typicai wave.60~m aCW66 an ON phe.i in lflAT-S4 .

d) Typical wa.ve.60'lm ac.'WM an OFF pixd in IHA T -S4 •

Fig. 4.25. Wave6Mm6 06 IHA T -S4 whe.n N = 63 and i = ., •
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4.2.5 RPAT-NC

a} Vibpla£f

The phtj&ic.at &pec.iMc.ation& On the 64 x 64 mat-'l<X di&platj au the Mme

a& that On the di.&play u&ed to demonbt-'late IHA T. The &pec.i6{c.ation& 06

the P23 + N2 3 (50: 501, a c.omme-'lc.ial N LC mixtu-'le IChiHo C01pn., Japan I
u&ed in the di&platj a-'le given be.low:-

Th-'le.~hold voltage Iv thl
:1.5 V

Satu-'lation voltage

:2.0 V

Sha-'lpneH pa-'lamete-'l

:13%

Ri&e time

:75 mb

Fail time

:60 mb.

The tec.hnique. ib de.monbt-'late.d btj dibplaying 4-wave60-'lmb IN eq=

9 nwm eqn.3.169} and a bingle. waveoo-'lm along with legendb (Neq = 21.69

owm eqn. 3.1691. The. be.le.c.tion -'latiob nO-'l the.be two c.abe.b a1e obtained

ubing eqn. (3.167) and a-'le. 1.414 and 1.244 -'le.bpe.c.ti.ve.fy.It ib evident O-'lom

the bpec.i6ic.ationb 06 the N LC mixtu-'le that the value 00 the bha-'lpneM

pammete-'l ib adequate 60-'l the. p-'lebe.nt applic.ationb.

A detaile.d bloc.k diagmm 00 the. Vibplay btjbtem ubing RPA T-NC ib

bhown in Fig.4.2f. The Bit-Mappe.d Me.mo-'ltj IBMMI ib implemented ubing

HN 462532, a 4Kx8-bit UV-EPROM. The. pixe.l inno-'lmation ib bto-'led -'lOW-Wibe

in the bUc.c.eMive. btjteb 06 thib me.mo-'ltj. An EPROM ib ubed he-'le b.i.nc.e the
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I

d.i.bpfay bYbte.m {b de.b{gne.d to de.monbt1.ate. the. ube.6ufne.M 06 the. RPA T 60-'1:

d.i.bplaying the waVeo0'1:mb ('1:ebt'1:ic.ted patte'1:YlJ in an Obc..WObc.ope.H oweve1,

the BMM bhould be impleme.nted ubing RAM afoYlg with the ownt-e.nd 601

ac.quhing the bignalb ab dibc..uMed in bec..Uon 4.1. The data in eac.h byte

06 HN 462532 c.one.bpondb to 8 c.olumnb in a '/:Ow. He.nc.e., the. 6hbt 3-bitb

d.i.ng to a b{ngfe '/:Ow. The next 6-6itb 06 the. adduM input c.oHe.bpond to

the 64-'1:OWbin the mat'1:ix dibplay. The '1:ebt 00 the 3-bitb in the add1e.M

input a'1:e ube.d to be.le.c.t one. 00 the 8-6mmeb bto'1:ed in the EPROM. The

data bto'1:ed in the 6hbt 4-0'1:ameb have OOU'1:t1ac..eb and the '1:ebt 00 the.
,

4-6'1:ame.bhave. a b.i.ngle.waveo01m along w.i.th le.gendb.

The 8-b.i.tpa'1:aUel data owm the HV 462532 a'1:e c..onve'1:te.dto be.'1:ial

oO'1:m ubing CD 4014, an 8-btage bync..h'/:Onoub bh.i.6t '1:e.gibte'1:with pa'1:allel

0'1: Se'1:ial Input/Se.'1:.i.al Output •. The. '/:Ow and c.olumn d'1:ive'1:b a'1:e.implemented

ubing HV44100, an LCV d'1:ive'1: with 40 c..hannel outputb. The bc.hemat.ic.

d.i.ag'1:amoO the HV 44100 ib bhown in Fig.4.8.

The d.i.bplay bYbtem ib deb.i.gned 60'1:dibplaying 4-wave60'1:mb 01 a bingle

wave60'1:m along wdh legendb ab bhown in F{g. 4.28. Although the V 1bUpp Y

ib independent 00 the. numbe'1: 06 waVe60'1:mb dibplaye.d ab give.n by eqn.

(3.115), the value 06 the '1:at.i.oV IV dependb on the value 06 W (numbe.-t'l c..

00 wave.60'1:mb dibplayed) ab given by eqn. (3.163J. The legendb in the dibplay

a-te equ{valent to 1- add.i.Uonal wave60-tmb Mnc.e. add.i.t.i.onal l-pixe.l6 a'le.

bele.c.ted in e.ac.h c.olumn ab dibc.uMed in c.hapte-t 3. The. opUmum valueb

60'l the. 'laUo V IV a-te 2 and 81/2 60-t d.i.bplay.i.ng 4-wave60-tm6 and a bingle.
-t c.

wave60'lm wdh lege.ndb '1:e.bpec.t.i.vely ab give.n by e.qn. (3.163J. The. VLG 6hown

.i.n Fig.4.21 gene'lateb aU the voltage levelb -te.qu.i.'1:e.d60'l dibplay.i.ng the wave-
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6D'rmb w.(thout any dc. ac.'lOM the. p.ixe.lb. A c.ommon VLG .(b. pOb~tRIe. he.'le.

60'l dibplaying 4-wave60'lmb and a b.(ngle. wave.60'lm with le.ge.ndb binc.e. the.

bupply voltage. 'le.qui'le.d ib the. bame. 60'l both in RPA T-NC. The. app'lOp'liate.

voltage. le.ve.!b a'le. c.onne.c.te.d to the. dibplay d'live.1b, de.pe.nding on the. numbe.'l

06 wave.6D'rmb to be. dibplaye.d by ubing CD 4053, a T'lipfe. 2-dlannef Multi

ple.x.e.'lID e.multip!e.x.e.'l.

The dibpfay ib 'le.6'lebhe.d at a tate. 06 25Hz whic.h ib quite adequate.

to e.nbU'le.' an 'lmb 1e.6pon6e and a 6lic.ke.'l-6'le.e. ope'lation. The b'lightneM

uni60'lmity 06 the. pixe.lb wab 60und to be. p001 whe.n a bingle. Uktve.60'lm along

with le.gendb wab dibplayed. Howeve.'l a good imp'love.ment in the b'lightneM

uni60'lmity 06 the pixelb wab Obbe'lVed when the 60lfowing modi6{c.ation

wab inc.olpO'late.d in the. bc.anning c.i'lc.uit. The. 'lOW add'le.M line.b 6'lOm the

'c.ounte.'l CD 4520 a'le. bc.'lamble.d !>o that the. 'lOW!>in the. di!>pfay a'le. befec.te.d

in the 60Uowing be.quenc.e 7, 33,11,49,2,34,78,50, •••• etc.., inbtead 06

the. natU'lat be.que.nc.e.1,2,3,4,5,6,1 .... etc.. The imp'lOvement in the. b'lightneM

uni60'lmity 06 the. pixe.l i!> due to the 60Uowing 'lea60n:-

The c.olumn voltage ac.1Obb the p.ixe.lb (c.o'l'le.bponding to the bete.c.ted

pixelb in the. c.olumnJ a'li dibt'libute.d mO'le uni60'lmiy with the. new

be.quenc.e. ab c.ompa'led to the natU'lal beque.nc.e 06 'lOW be.lec.tion.

Two CD 4063, 4-bit magnitude. c.ompa'latO'lb a1e. ubed to,gene.'late.

the. 'lOW-bete.c.t bignal to the. 'lOW d'live'lb.

The Contwl Logic. ib imple.me.nte.d u!>ing CD 4041 (Low-Powe'l Mono

btable/A!>table. Muftivib'lato'lJ, CD 4578 (Dual BCD up c.ounte'lJ and CD 4087

(Quad 2-1nput AND Gate!>l.
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c.) Re.buUb

The. photog'laphb 06 the. 64x64 mat'lix TNLCV, add'le.Me.d ubing RPAT

NC and the. typic.al add'le.Ming wave.60'lmb (whe.n W = 4) a'le. bhown in Figb.4.28

and 4.29 'le.bpe.C.U~e.tIJ'The. 'lmb voltage.b aC'lOM the. pixe.tb we.u me.abuud

ubing HP 3461A, a Logging mullime.te.'l c.apable. 06 me.abu'ling t'lUe.-'lmb vol-

tage.b. Fig. 4.30 and Fig. 4.31 giVe.b the. 'lmb voltage.b aC'lOM the. ON and

OFF pixe.lb. The. the.o'le.tieal eU'lve.b bhown a'le. obtaine.d by ubing e.qnb. (3.764)

and 13.165). The. be.le.ction 'latio obtaine.d 6'lOm the. me.abU'le.me.ntb ag'le.e.

with the. the.o'le.tic.al value. within ± 7 %.

4.2.6 RPAr-PC

The. RPA T-PC ib de.monbt'late.d by dibplaying muUiple wave.60'lmb

ubing a 64 x 64 mat'lix TN LCV.

a) Vibpiay

A dibplay with the. Mme. bpe.c.i6kationb ab that 06 the. dibplay add'le.

Me.d with RPA T-NC ib ube.d he.'le. 60'l a eompa'lioon. The. Ne.q .ib obtained

ubing e.qn. 13.1(8) and the. value.b a'le. 'le.bpe.ctive.ly 25 and 44.3 whe.n 4-wave.

60'lmb and a b.ingle. wave.60'lm with le.ge.ndb a'le. d.ibplaye.d. The. be.le.elion

'laUOb 60'l thebe. two cabe.b a'le. 1.225 and 1.163 'le.bpe.ctive.ly. It ib e.vide.nt

6'lOm the. bpe.c.i6ieationb 06 the. N LC mixtu'le. that the. value. 06 the. bha'lp-

ne.M pa'lame.te.'l ib ade.quate. 60'l the. p'le.be.nt applic.ation.

b) Ha'ldwa'le

The. RPA T-PC di66e.'lb 6'lOm the. RPA T-NC only .in the. phabe. 06 the.

column voltage. applied to a be.le.et~d pixe.l, with u6e. 'le.nc.e.to the. 'lOw-be.lec.t
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F{g.4.28. P/lOtog'Capllb 06 a di'~rtalj add'Ce.bM',d «()ithRPAT-NC.
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- WF1

- WF2

a} Typicat add~e.Ming wave60lm6. WF/ - 'tOW and WF2 - column.

bl Ttjp.c.cal wave.60'lm6 aC'lOb6 p.c.Xe.l6. WF 3 - ON and WF4 - OFF.

Fi.g.4.29. WaVe60'lm6 06 RPAT-NC when W = 4.
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voltage. Henc.e RPA T-PC ih implemented by dupUc.aUng the ha'ldwa'le ubed

60'l RPAT-NC except 60'l the Voltage Level Gene'lat01 (VLG}. The two VLGh

'lequi'led 60'£:dihplaying the 4-wave 601mh and a hingle wave60'lm with legendh

a'le hhown .in F.ig.4. 32. A CD 4053, T'lipie 2-Channei Mult.ipfexe'£:/Demulti

plexe'l .{h uhed he'le OM helecting the app'lOp'liate voltage level depending

on the numbe'l 06 waVe60'lmh to be d.ibplayed.

The d.i.bplalj .ib 'le6'C.ebhed at 25Hz whic.h ib quite adequate 601. enbU

Hng an 'lmb 'lebpOnhe and 6Uc.ke'l o'lee ope'lation. The 'lOW bcanning bequence

ubed he.'l.e .ih the Mme all- that 06 the d.ibplay add'leMed with RPA T-NC.

c.J Reoultb

The photog'laphb 00 the 64 x 64 mat'lix TN LCD, add'leMe(i ubing RPA T

PC a'Ce bhown in Fi.g.4.33. The photog'C.aphb DO the typ.ical add'Ce.M.ing wave.

oO'lmh when W = 4 a:'le bhown .in F.ig.4.34. The voltageb ac.'lOM the pixelb

we.'Ce meabu'Ced ubingHP 3461A, a Logging muitime.te.'C. capable. 06 meabu'C..ing

twe.-'lmb voltage. F.ig.4.35 and F.ig.4.36 bhowb the. plot 00 the 'Cmb voltageb

aC'l.OM the. ON and OFF p.ixe.lb Vb. buppllj voltage.. The theo'C.et<cal c.UWe.b

a'Ce obtained uMng eqnb. (3.182} and (3.1n} and a'le hhown 60'l a c.ompa'Cioon

with the expe 'C.imental 'Ce.bultb. The valueb 06 the belection 'C.atio obtained

6'lOm the meabU'lement ag'lee. with the. theo'leticai value.b within ± 1%. Photo

g'C.aphb06 the dibpla,~b with bimUa'C bpe.ciQicationb and add'le.Med with RPA T-PC

and RPA T-NC 'lehpe.ct.ive.llj a'C.ebhown .in Fig. 4.31 60'Ca compa'lioon.

In bumma'Clj, the implementation 06 the. add'C.eMing techniqueb have been

dibcUMe.d in thih chapte'l. The e.xpe'limentai 'Ce.bUltb obtaine.d ubing thebe.

te.chniqueb ag'C.ee well with thobe 06 the theo'C.etical analljbib given in Chapte'l 3.

In the 6oUowing chapte.'l, a c'litical analYbib 06 the techniqueb p'lOpobed

in thib thebib and thei'l impact a'le dibcuMed.



1.828K

VOD

tK

(0) W = 4

VOO

1K

(b) W = 8

4.69

Fig. 4.32. VLG6 06 RPAT - PC •



Fig. 4.33. Photogmphb 06 a. di6play addl[C?-Me.dwith RPA T-PC.
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- WFI

-WF2

a) Typic.at add'te.Hil1g wave.60'1.mb. WF 1 - 'tOW and WF2 - c.otumn.

b) Typic.at wave60'1.mb aC'1.Obb piXe.tb.' WF 3 - 0'" and WF 4 - OFF.

Fig. 4.34. Wave.60'tmb 06 RPA T -pc whe.n W = 4 •



4.12

RPAT-PC with W = 4
oo·

••••••.••\1)

CI)

E
"-

'-oJ 0o- .~
(j)
x

C) - EXPER 1MENTAL

ON - PIXEL

OFF - PIXEL

12.0010.00

-------~--------
_---(!J- OJ

6.00 8.00

Voltage (V)

4.00

Supply

2.00

·o
0.00

CI)

CI)

00
L~
ON
10

RPAT-PC with W = 4
o
<D

o C) - EXPERIMENTAL

--tJ

100Lv

c
o

--tJ 0
o~
(j)~

(j)
(/)0o·

0.00 2.00 4.00

Su P ply

6.00 8.00

V 0 I ta g e (V)

10.00 12.00

Fig. 4.35. Expe.'lime.ntal 'le.bultb 06 RPA T-pc with W = 4.
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Fig. 4.36. Expe.'lime.Y1ta.t 'le.buttb 06 RPA T-pc with W = 8.
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Fi.g. 4.37. Photog'l.aph 06 d.i.op£alfo add'l.e.Me.d w.i.th RPAT-PC
and RPA T-NC 601 a c.ompa'l..i.oon.


