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2. LIQUID CRYSTAL DISPLAYS - A REVIEW

Of the vatious flat panel displays available at pwbeht, viz., Liquid
cwystal, Electrochromic, Electroluminescent, Vacuum Fluotescent, Gas
Discharge Plasma, etc., Liquid Cuystal Displays (LCD3s) 1equize the towest
power to operate and are economical. LCDs became commercially avaiable
i 1970 and since then, their technology has progressed rapidly and they
have 1eplaced CRTs in several applications. At least twenty models of
pottable, lap-top computers using LCDs azre avadable now. This cleaddy
indicates their usefulness. Considerable scientific and technical efforts
ate cuvently devoted towards fuither development of LCD technology.
A3 this thesis is devoted to matrix addiessing of LCDs, important aspects
of liquid crystal materials, electro-optic efgfects and the addressing tachﬁi—

ques are 1eviewed n this chapter.

2.1. LIQUID CRYSTAL MATERIALS

2.1.1. Liquid Cwystals

The liquid crystalline phase was discovered by an Austrian botanist,

Fuedrich Reinitzer in 1888, He f{ound that cholestery!l benzoate, unlike
many of the organic compounds known at that time exhibited two distinct

melting points [1]. Later, it was found that many organic mateuals melt

from the solid state to form a tutbid liguid, which on further heating under-

go a second tiansition feading to a clear isotropic liquid. The intermediate
state between the solid and the isotiopic liquid has some properties of
both crystalline and liquid phases as given in Table 2.1. This was theregore

termed as the liquid crystalline phase. This phase s often called a meso-
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Table 7.1.

Cuystal, Léiquid Crystal and Isotropic Ligquid - A Compaiison

Characteristics

STATE

CRYSTAL

LIQUID CRYSTAL

ISOTROPIC LIQUID

Molecular shape
anisotropy

Ouentational

order

Positional Order

Flow properties

Physical
properties

Not essential

Present when
molecules have
Shape anisotropy

Present in
thiee
dimension

Rigid and
does not flow

Some of them
aze andsotropic

Essential

Present

May be present
n one 01 two
dimensions

Flows and takes
the shape of
the containex

Generally
anisotiopic

Not essential

Not present

Not present

Flows easily and
takes the shape
o4 the container

Isotropic
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motphic phase ot mesophase. The matevials which exhibit this phase aze called

Liquid crystals, mesomorphic substances o1 mesomorphs.

Liquid cystals are broadly classified into two types as given below:
- Thewmotropic liquid crwystals, which azre obtained either by heating

o1 cooling certain organic materials;

- Lyotropic liquid caystals, which are obtained by dissolving certain

solids in appropriate solvents.
Of these, the thewtmotiopic liquid ciystals azre used in display applications.

Liguid crystal molecules have shape anisotropy. They ae mostly made
up of rod-like molecwles. Liquid crystads with disc-like molecules were
discovered recently [2], but, their applications in display devices are not
known s0 ar. In the liquid ciystalline phase, the molecules exhibit an ovien-
tational order. The average preferted direction of the molecules in a small
volume of liquid ciystal is desciibed by an unit vector (of arbitrary sign)

called the ditector as shown in Fig. 2.1.

2.1.2. Classigication

Thetmotiopic liquid ciystals are classified into four main categories
depending on the molecular artangement as given below; and as shown

in Fig. 2.2.

- Nematic lquid cystals. They aze the simplest and widely used in
practical applications. The rod-like molecules are approximately parallel
to one another and hence exhibit ouentational order. But, they do

not have positional ordex.



a) Rod-like molecules

b} Disc-like molecules

Fig. 2.1. Director direction in nematic liquid cuystals.
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Fig. 2.2. Classigication of theimotropic liquid ciystals.
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- Cholesteric liquid cwystals. They exhibit owentational order. However,
the director rotates continuously about a helical axis with a chawcteri-
stic pitch. This 1otation & due to the presence of one, 01 more chiral
centers within the molecules. The nematics can be considered as a

special case of cholesteric liquid cuystals with an infinite pitch.

- Smectic liquid cwystals. They are closer to solids as they exhibit
one dimensional positional order as well as oventational order. Smectics
ate further c!daaidio_d into subgroups, viz.,smectic-A to smectic- H,

depending on the ordering within and between the layers.

- The columnar lquid crystals. They exhibit a two-dimensional positional
otder leading to a closely packed flexible columnar stiucture. The
dise - like molecules are piled on each other to fowm the columns.

2.1.3.  Physical Propeties

Liquid crystads exhibit anisotiopy in many of their physical properties.
The two piincipal components of the macioscopic properties of these mate-

1ialy are as given below:-

- Along the direction of the director; and

- Perpendicular to the direction of the dizector.
The bulk properties of the liquid ciystals depend on the molecular structure
and the ordering of the molecules. The physical pwpe'ztie& that aze 7efevant
to display applications are given in Appendix 1.
2.1.4. Liquid Crystal Materials for Displays

The liquid ctystal materials should have a proper com_binatiorz of physi-



2.7

cal properties o1 a satisfactory operation of the display. Hence, only a
small percentage of the thousands of liquid crystal materals s suitable
gor display devices. Moreover, none of the single liquid ciystal materials
known so far, has all the physical properties 1equited for a display. Heﬁce,
& o a common practice to use mixtures of a number of liquid crystal
matewals |{i.e., single components). A typical liquid ciystal mixtute may

need four to seven components to achieve the desited characteristics.

A typical Nematic Liquid Cwystal (NLC) materiad cohu’&ta of two rings
(phenyl o1 cyclohexyl) connected by a buidging group and two end g'zou‘m.
Typical end groups ate -CN, -NOZ 01 shott alkyl chains. NLC materials
are classified according to the nature of the buidging group. Table 2.2
Lists the stiucture of some important liquid ciystals [3,4]. NLC materials
like Schiff bases atre unstable when exposed to moisture, temperature,
u!tmw’olet light, etc., §o1 a long time. Mateuals like cyanobibhenylb have
better chemical and photochemical stabilities and are well suited for use
in displays. The NLC mixtures should have a stable composition over a
wide temperature 1ange. This ca!lks for a eutectic mixture o1 a composition

very close to .

2.2 ELECTRO-OPTIC EFFECTS IN LIQUID CRYSTALS

Liquid caystal materials exhibit anisotropy in many of their physical
properties. Moreover they are sensitive to relatively weak extewmal stimuli.
Hence, electric §ield, magnetic field o1 theimal energy can be utilized
to induce optical effects in liquid caystals. These effects are mainly due
to the reotientation of the molecules 1esubting in absorption, reflection
01 scattering of light. Practical displays need uniformly otented and stable

layers of molecules with dppwp'ciate electrical, optical, elastic and thetmal ‘



Table 2.2. Common Central and End Groups n Liquid Cuystals

2.8

Central Group. End Group |
Stwcture Name Stweture " Name
—CH=N — Azomethane —C,Hops1 - Alkyt
(Schigf base)
- N=N — Azo -0- CnH2n+7 Alkoxy
— N=N Azoxy — COOH Carboxylic
v acid
o)
-0 - ICI - Ester -0-CO0-R Acyloxy
O
—~CH = CH— Stitbene —CN Cyano
@ Aromatic - NOZ Nitto
1ing s
ditect coupling — CHO + Aldehyde
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properties. LCDs requitze a verwy low power to operate, since they do not
emit light and small external stimuli can induce a large change in- the
ouentation of the liquid ciystal molecules. Salient geatures of the efect1o-

optic efgects in liquid crystals are given below :-

- Low voltage operation ;

- Low power consumption;

- Legibility in high ambient light;
- Flexible format;

- Flat panel constwction; and

- Choice of size.

2.2.1. Display Cell

A display cell consists of a thin lager of liquid cigstal material sand-
wiched between two glass plates. Most of the electro-optic effects in &'qdid
cystals 1equite a unifoamly aligned liquid crystal cell. This {8 achieved
by aligning the molecules at the inner suigaces of the cell and can be

one of the following types:-

- Planar o1 Homogeneous alignment. Here, the director s oriented para-
Uel to the surfaces of the glass plates. This is obtained by coating
the surface with a thin layer of polyimide and buffing the surface

uniditectionally with a cloth ot tissue paper.

- Perpendicular o1 Homeotiopic alignment. Here, the dizector is orented
perpendicular to the surface of the glass plate and 5 obtained by

chemical treatment of the glass surgace.

- Tilted alignment. Here, the ditector i at an angle to the surface

of the glass plate. A titted alignment can be obtained by coating the
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sutgace with SO o1 MgF, at a suitable oblique angle in a vacuum

coating unit.
Fig. 2.3 illustrates these alignments at the surface of the cell.

The following major steps ate involved in the fabrication of a liquid
crystal display:-

i) . Indium Tin Oxide (ITO) coated glass plates which ate electrically

conducting and tianspatent are used to make the diAplaQ cell.

The electrode pattews are printed on the ITO layer using photolitho-
graphy.

#)  The electrodes are obtained by etching the unwanted portions

n the 1TO layer.

@) The inner surfaces of the glass plates are treated for alignment

as mentioned earlier.

&) The cell i assembled using the two glass plates, with the treated
sutfaces facing each other. The gap between the two plates s
typically 5-15 um and i usually controlled by spacers distiibuted
uniformly all over the area. The spacers are either glass fibres
o1 glass beads with a uniform diameter. The two plates aze held

together by a sealant.

vl  The liquid ctystal material s filled into the cell and the §ill holes

ate closed by a sealant.

Fig. 2.4 gives the cross-section of a display cell.



a. Planar alignment.
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b. Perpendicular alignment.
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c. Tilted alignment.
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Fig. 2.4. Cross-section of a display cell.
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The liquid cwystal display can be made using transpazent plastic f§ibms
instead of glass plates [5]. Polarizers are 1equited in visualising many of
the electro-optic effects in liguid ciystals. The glass plates o1 the plastic

§ilms can be eliminated by having the electiode pattetn on the polarizers [6].

2.2.2. Important Electro-Optic Effects

a) Dynamic Scattering Effect

The dynamic 5cdtteu’ng effect is the 1esult of glow Iinduced in fiquid‘
cwystals due to electro-hydrodynamic processes. A liquid crystal material
with a negative dielectric anisotropy and doped with ionic impurities is
used here. This develops a peu’pdic spatial modulation of the director otienta-
tion with a definite spatial §requency above a threshold voltage. The 6l.ow
becomes turbulent at higher voltages leading to Dynamic Scattering [7].
The application of electuc field leads to a scattering state, while the
background is clear. This results in a contiast between the selected and
unselected pixels. Dynamic scattering 5 the first electro-optic effect,
discovered n liquid ciystals. This mode of operation s no fonger popular

“due to the §ollowing 1easons:-

- High voltage and curtent requitements, and

- Insufficient contrast under certain lighting conditions.

b) Field Effects

Application of electiic field induces a change in the molecular orienta-
tion of a selected pixel. The Twisted Nematic Field Effect (TNFE), Guest-
Host Effect (GHE), Electrically Controlled Bireftingence (ECB), Cholesteric-
Nematic Phase Change |CNPC), Cholesteric-Nematic Phase Change Guest-

Host (CNPC-GH) o1 Dye Phase Change (DPC), Super twisted Bitegringence
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Effect (SBE) and Fewo Electric Effect |FEE) ate some examples of field
efdects [5-14]. | |

¢) Smectic Storage Effect

A liguid crystal materiad in the smectic phase (3 taken to the nematic
o1 isotropic phase by extewmal heating. A scattering state {5 obtained if
- the cooling & effected in the absence of electric {ield. Application of
electric gield while cooling, aligns the Liquid criystal molecules 1esulting
in a clear state. Dye materials can be added to the liquid ctystal to improve
the contrast [15]. A similar electro-optic effect in smectics with electrical

addressing, without heating o1 cooling is afso possible [16].

The choice of the electro-optic effect depends on its characteristics
and the applications. The resulting display should have a high contiast
and a wide viewing angle. Moteover multiblo.xing i used to addiess a dis-
play, when the number of pixels in a display is large. A non-linear electro-
optic characteristic s essential fo1 muwlliplexing. The characteristics in

gavour of multiplexing are given below:-

- Steep electro-optic response curve with a thieshold. (ldeally a brick-wall

characteristics s desited) ;
- Hysteresis ; o1
- Shoit time oz long time memonry.
In addition to the above 1equizements, the {ollowing characteristics
are desitable in any electro-optic efgect:-

- Low wudltage operation, s0 that standard 1Cs can be used as drivers;
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- Low power consumption, to ensure a long battery life in portable pro-
ducts;

- Wide temperature 1ange;
- Long life;

- Colour and grey scale capability, for displaying images and scenes.

Colour LCDs are possible by using one of the following principle [17]:-

- Intexference le.g., ECB displays);
- Dichroism (e.g., GH displays);

- “Absorption, with colour filters o1 colour 1eglectors along
with TNLCDs o1 black GH displays as light shutter.

The electro-optic 7esponse cuwve should not be vewy steep, i grey
scale s to be included m the display. This requirtement i ditectly in conflict
with that of multiplexing. Hence, the choice of the electro-optic effect
dependa‘ on the application. Table 2.3 gives the meits and dements of
some {mportant elect1o;0ptéc egfects i liquid crystals. Most of these efgects
are slow (typical response time in the 1ange 10-100 ms) and hence they
1espond to the mms voltage 1ather than to the instantancous voltage. The
.TNFE, TN-GH, SBE, ECB, etc. exhibit 1ms 1esponse. Of these, TNFE i»
ihe most popufar and & used in many applications. Displays based on SBE
were §i1st developed in 1985 [18] and are commercially available now.
The technology of SBE displays & similar to that of TNFE, excepl fo1
a few deviations. Displays based on SBE are likely to 7eplace those based
on TNFE fo1 many applications in the future. The displays based on ferro-

electric effect have a fast tesponse time (typically 1-100 W), good contrast



Table 2.3.

Impottant Electro-optic Efgects in Liquid Crystals - A Comparison

Electro-optic
Effect

Mexits

Demerits

Comments

Dynamic Scatteting
Effect [7]

Twisted Nematic Field
E4fect (TNFE) [8]

Guest-Host Egfect
{GHE) [9]

Electically Controbled
Birefringence ([ECB)
[10]

Cholesteric to Nematic
Phase Change {CNPC)
[11,12]

Super twirted
Biregringence Eggect
{SBE) [13]

Ferto Electric Egpect
(FEE) [14]

Smectic Storage Effect
{SSE) [15,16]

No polarizes tequited

V., independent of
© tdh

mpertatute and viewing
angle

Low voltage (1 - 3V)
Low power operation

Wide viewing angle

Steep electro-optic
chatacteristics
Inherent colout

Possesses Hysteresis.
Good contrast tatio and
wide viewing angle

Steep electro-optic chatacter-
stics; Low voltage and fow
powe1 operation; Good con-
trast and wide viewing angle

Polarity dependant electro-optic
characteristics, Good contrast and
wide viewing. Fast 1esponse.

Good contrast 1atio and wide
viewing angle; Possesses
memoty -

Relatively high voltage (10- 15V)
and power {mw/em?) 1equired;
Cont1ast depends on angle of
incident light; slow 1esponse

Requites polarizers. Limited
viewing angle; Utp depends on
temperature. Slow 1esponse

Low contrast 1atio; single
polatizer; Negative contiast;
Slow 1esponse

Limited viewing angle;
Negative contuast;
Slow 1esponse

High Vth. Requites uniform cell
thickness (£0.2%). Slow 1esponse

Grey scale i not possible.
Requites unifoim cell thichness
{£0.2%). Slow 1esponse

Requites thin cell (1 -2 um)

Requites heating; slow 1esponse

Fiust discovered electro-
optic effect in liquid
crystals. Not popular now

Most widely used now;
Colour i possible;
Limited grey scale

Commercially available

Prototypes ate avadable

“Prototypes ate available

Likely to teplace TNFE
in many applications

Technology n infancy

Electrical addressing
possible

q1°z
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and wide viewing angle. But, the technology of these displays is not fully
~developed as yet. Prototypes of these displays ate available and they are

suitable §or displays with a high information density.

Since the addiessing techniques for tms responding devices (b the theme
of this thesis, only TNLCDs and SBE displays will be discussed in detail

in the following sections.

2.2.3. TNLCDs

a) Principle

The Twisted Nematic Liquid Cystal Display (TNLCD) cell [8] {5 made
up of two glass plates treated for planar alignment. The cell iy assembled
such that the ditection of the alignment in the top plate {5 peipendicular
to that in the bottom plate of the cell. This display cell is filled with
a NLC mixture having a positive dielectric anisotropy. The liquid cystal
molecules cohﬂined in the cell form a 90° twisted structure as shown in
Fig.2.5. This twisted stwcture acts lke a waveguide and gradually rotates
the plane of polarization by 90°. Hence, a lineatly polau'io.d light incident
on the cell emerges linearly polarized in an orthogonal ditection when

the following conditions are satisfied:-

. - The plane of polarization of the incident light i; patafle! o1 perpendi-

cular to the director at the surgace of the cell; and

- The product of the optical anisotropy (An) and the pitch (P) i5 high
compared to the wavelength of the incident light, whete P it four

times the thickness of the cell.
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The cell in the unexcited state |(OFF) rotates the plane of the polariza-

tion of the incident light by 90°. Hence, the cell appears -

- datk, when viewed between two polatizers
paralle! to each othey; and

- transparent, when viewed between two polarizers

perpendicular to each other.

The 90° twist n the cell is lost when a sufficiently strong electuic

gield s applied to the cell (ON). Hence, the cell appears -

- tiansparent between two pawalle!l polarizers; and

- datk between two perpendicular polatizes.

The difference in transmission betueen the unexcited and excited
states s exploited in TNLCDs. Only one  opticat wmode i3 excited
here by placing the polarizers parallel o1 perpendicular to the ditector

at the surface of the cell.

TNLCDs 1equite a low power to operate; (~7uw/cm2) since they modula-
te the incident light and do not emit lght. A voltage in the range of 2-5
volts s adequate to excite the ON pixels. The TNLCDs can be of the follo-
wing types [19]:- .
- Transmissive type with the light source at the back and the observer
in gront of the display. This type of display is preferted for use in
datk envitonments;

- Reflective type with both the light soutce and the obsewer in §ront

of the display. A polarizer with a 1eflector is used at the back of
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the display. This type of display is suitable for use in well lit, bright

envitonment; and

- Tansteflective type with a tiansieflector instead of zeflector at the
back. This type of display i suitable for both datk and bright enviton-
ments. The transteflector allows sufficient &'gh‘t g§1rom the back Humina-

tion to fall on the display, o1 a good teadability in a datk envitonment.

The displays éan' be operated in one of the following modes:-

- Positive contrast mode with datk symbols against a bku'ght backgwuhd.
This i achieved by placing the top and bottom polarizers perpendicular

to each other in TNLCDs; and

- Negative contiast mode with bright symbols against a datk background.

This s achieved by placing the top and bottom polarizers parallel to

each other in TN LCDs.

A positive contrast mode s pregeried in a 1eflective type of display, while

a negative contrast mode {8 preferied in a transmissive type of display

[20].

b) Electro-optic Response of TNLCDS

The TNLCDs 1espond equally well to both positive and negative volta-
ges. However, the lige of the displays is 1educed due to itteversible electro-
chemical reactions if they are driven with a dc gield. Hence, the TNLCDs
are noimally driven with an ac gield. They ate Mow 71esponding devices
with the response time in the 1ange of 10-100 ms. This has an integrating

effect. Hence, the electro-optic 1esponse is detewmined by the 1ms voltage
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1ather than the instantaneous voltages. Typical electro-optic 1esponse of
a TNLCD is shown in Fig. 2.6. The electro-optic 1esponse {5 described

by the following patameters:-

- Thxeshold voltage Wth”
- Saturation voltage Waat”
- Shatpness parameter ly), and

- Response times.
These parameters are discussed in detail in Appendix 2.

Vip decreases with an increase n temperature (typically -5 to .-20
my/°CJ. Uth s also a function of fhe viewing angle, and it decreases with
an increase n the viewing angle, measuted from the noimal to the display
cefl. The sharpness parameter gives an idea of the number of lines that
can be multiplexed using the NLC mixture. The value of vy should be close
to 1 for the material to be useful in a large matix display. Vg and Y depend
mainly on the NLC mixture used in the display. The 1esponse time depends on

the NLC mixture, the display cell thickness (d) and the applied field.

The performance of a display s detewmined by the contwast 1atio and
the viewing angle. Fig. 2.7 shows the viewing angle characteristics of
a typical TNLCD [21], when the number of lines multiplexed s 100. The
contrast ratio, viewing angle and the 1esponse time can be optimised by

controlling the display cell parametess [17] as givén below:-

- Cell thickness |d). A large cell thickness is desirable fo1 a good contrast

1atio. But the response time {3 dizectly proportional to d?. The condition

An.d = 0.5 pm 1esults in a good contrast ratio and a gast response time.
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However An.d = 1.1 um {3 preferred, Ainge the contrast 'lat('OIib
fess sensitive to thickness variations and the resulting display has

a unigotm appearance.

- Tdt angle. The director at the surface is oriented at a pre-tilt angle
of 2 to 5° grom the surgace of the cell. This eliminates the non-unifoim
appearance of the display aiising from the revewse tilt in the directox

congiguration n the ON state.

- Twist sense. A non-splay configuration with the twist sense matching
the tilt ditection is requited. This avoids the non-uniform appearance

of the display arising from the revewe twist even in the OFF state.

- Director _ditection at the surfjace of the cell. The axis of symmetry
o4 the viewing angle characteristics lies at 45° to the ditector at
the surface of the cell. Hehce, the best viewing quadiant can be chosen
depending on the application. The ditector direction i usually at 45°

to the edges of the display.

- Efficiency of the polarizers. Typical values of polau'zdtion efficiency
and the tiansmittance of the polarizers used in displays are 95% and
45% 1espectively. The contrast ratio 8 doubled when the polarization

efficiency 4 95.5% and the transmittance s 46% [22].

2.2.4. SBE Displays

a) Principle
The SBE display cell [13] requites -

- a twist angle between 180° and 270° ;
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- a tidted alignment with the ditector at 20 to 30° to the sutface of

the glass plates; and

- the polarizers placed in unconventional ditections.

The display cell is gilled with a NLC mixtute with a positive dielectric
anisotropy. The director at the centre of the cell zesponds more freely
to the applied gield as compated with the director at the sutface of the
cell. Hence the variation of the tdt angle at the mid-plane gives an idea
of the steepness in the electro-optic chatacteristics. Fig. 2.8 gives the
mid-plane tilt angle as a function of the applied voltage for1 vatious twist
anéleb [21]. From this Figute, it & evident that the 5.'te(’.pn€bb mereases
with the twist angle upto 270°. The cuwe has a negative slope above 270°
and exhibits bistability [23]. The SBE display i based on the bitefringence
mode, wherein the ordinaty and extraordinawy waves of light interfere
in the giedd of view to give 1ise to colour. The SBE displays are also 1efe-

11ed to as Super-twisted Nematic Liquid ‘C'lyatal Displays (STNLCDs).

b} SBE Display with 270° Twist (SBE-270)

The SBE dlbplay cell 1equites a titted alignment with the director
at 20-30° with the surface of the cell. This is essential to suppiess the
formation of two-dimensional stiuiped domains found in the 270° twisted
cell with planar alignment [24]. The fgollowing parameters are optimised

. in the SBE-270 [25] :

-An. d.cos?e = 0.8 um, whete An {3 the optical anisotropy of the NLC
| mixtute, d-the cell thickness and 6-the aveuige tilt angle of the mole-

cules n the unexcited state.
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- The ratio (d/P) = 0.75, whete P s the pitch of the doped NLC mixture.

- The d("l(’_ctio;l of the polatrizers with 1efetence to the ditection of
the director at the sutface of the cell. The top and bottom polarizers
ate set at angles B = 32.5° and y = 57.5° 1espectively, with 1eference to
the projection of the ditector at the surface of the cell fo1 a left-handed

twist. This 1esults in a positive contiast mode.

- Cell thickness |d) should be uniform and the vauation in thickness

should not exceed +2%, for a uniform appeatance of the display.

The following modes are possible in the SBE display with 270° twist:-

- Positive contwast mode, when the polatizers are placed as given above
and {5 1eferred to as Yellow mode. The selected pixels ate black against

a yellow colout of the unselected pixels and the background.

- Negative contwast mode, when one of the polarizets i rotated by
- 90° grom that cotrtesponding to the positive contrast mode. This mode
{8 1eferred to as Blue mode.lThe selected pixels are transparent {(colour-
fess) against a datk purplish-blue of the unselected pixels and the

background.

The SBE display with 270° twist exhibits a good contrast 1atio and
wide viewing angle characteristics. The 1esponse times are n the range
of 200- 400 ms. The electro-optic characteristics of a typical SBE-270
display cell ate shown in Fig. 2.9. The viewing angle characteristics of

a multiplexed (100 lines), SBE-270 display are shown n Fig. 2.10.

The SiO coating which was o1iginally used to obtain the tilted alignment
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in the SBE cell {3 an expensive process as compated to the polyimide coating
and buffing requited in TNLCDs. A buffing process to obtain a tilted align-

ment has also been 1eported 1ecently [26,27].

¢} SBE Display with 180° twist (SBE-150)

SBE displays with 180° twist ate preferted as a compiomise, since
they do not tequite alignment with a high tilt angle. The inner surfaces
of the display cell ate treated for alignment with a small tilt angle. The
cell 5 assembled such that the director at the top and bottom glass plates
are patallel to each other. A 180° twist & achieved by doping the NLC
mixtute with the 1ight amount of cholesteric matetial. The 60!10(;)019 paza-

mete1s ate optimized in the SBE-180 [21,258]:-
- Mmd. = 1 um.
- The 1atio (d/P) = 0.3 to 0.5.

- The direction of the polarizers. The top and bottom polarizers are
set at an angle of 45° to the director at the surface of the cell.

- Cell thickness |d) should be uniform and the variation in thickness
should not exceed +2%, §o1 a unifotm appearance of the display.

Only a positive contrast mode & found suitable §o1 practical applications.
The selected pixels and unselected pixels exhibit different colouts depending

on the cell patameters.

The electro-optic chatacteristics of SBE-180 display cell aze shown
in Fig. 2.11. Although the steepness s less than that of SBE-270, it s
better than that of TNLCDs.
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Typically, the esponse time is in the 1ange of 200-400 mS. The viewing
angle characteristics of a multiplexed (100 lines) SBE-180 display azre shown
in Fig. 2.12. A contrast 1atio of 5 has been 1eported for a multiplexed

display with 200 lines [29]).

The f{ollowing display types are possible in SBE display, as in the case
of TNLCDs: '

- Tuansmissive type,
- Reflective type, and,

- Truansreflective type.

A black and white SBE display has been tepoited recently [30,31]. The
display cell here (s optimised for An.d in the 1ange 0.4 to 0.6 um. The thick-
ness tolerance s less cuitical hete as compated to the SBE-270 and SBE-180

displays.

2.3 MATRIX DISPLAYS AND MULTIPLEXING
2.3.1 Matrix Display

A display is made up of a number of picture elements (pixels).
The infowvmation being displayed depends on the collective state of the
pixels, A matuix display 4 made up of an avay of display elements leither
emissive 01 non-emissive types) aranged in the form of a matrix. Most
of the electronic display elements 1equite at least two tewminalsy to activate
them. The individual péxel& can be directly connected to the dive electro-
nics, when the number of pixels in the display i small. However, it becomes
mote and mmé difficult to connect them directly to the display duivers

as the number of pixels in a display incteases. Hence a group of pixels
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i3 made to share a common lead o1 address line. Evewy pixel in the matuix
display s cohnecte_d to a 10w addiess line and a column address lLine [32].
Therefore the wow and column addiess lines fotm a matrix with the indivi-
dual pixels at their inter-sections. These pixels can be uniquely addressed
as in the case of a two dimensional memory anay. A matrix display with
‘N 1ows and M columns can have (N xM) pixels, while the number of connec-

tions i85 just (N +M). The number of connections to a display i85 minimum

ivhen :

- the pixels in the display are organized as a squaze. : the number of
address lines in the 1ow and column of the matrix s the same,

and equal to the squate-1oot of the number of pixels.

The number of connections to the display can be fuither 1educed

by using one of the following schemes :

- An unconventional interconnection scheme, wherein N ! leads can
address N Ny-1) polarity dependent devices like LED [33] and NN 1)/ 2
pixels in LCDs [3,4], o1 '

- Multilevel Addressing scheme, wherein a number of matrix displays
are stacked one above the other. While electrical addiessing i em-
ploy-ed to duve each matux panel, optical addressing & used in

the third dimension [35,36].

2.3.2 Fonts and Formats

The 7resolution requited in a display 8 a function of the viewing
distance. A person with an average eye-sight can easily 1esolve two points

subtending an angle of 1 minute of arc at the eye [32]. This demands ‘at
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feast 12 pixels/mm at a viewing distance of 250 mm. Such a high density.
of pixels i not only difficult to achieve in most of the display technologies,
but will be too expensive for many applications. Around 900 pixels are
requited to display a single chawacter with the size and 1esolution as found
i a punted text. The cost of the display, diive electronics and the asso-
ciated cizcﬁitb will be high to achieve this 1esolution. Numeiic and alpha-

numeric displays in most of the practical applications use simpler fonts

§o1 technical and economic 1easons [37]).

The vavous display fonts used in practice are given in Table 2.4.
These character fonts ate designed to reduce the number of pixels. Any
failure in the display o1 the duive electionics can lead to 1eading erto1s.
A single fault 5 setious in a font using bats and can lead to ertoneous
reading. A dot-matiix font can accommodate a single fault without causing
anyv 1eading ero1s. However, an ertor due to a wiongly activated dot is
mo1e prominent as compated to a missing dot [37]. While the number of
pixels can be 1educed in numetic and alphanumeric applications, no such

1eduction 5 possible in graphic displays.

Most of the character fonts given in Table 2.4 [32,37] are suitable
for LCDs. The pixels in the LCDs are formed by the intersection of elec-
trode pattems on the top and bottom glass plates of the display cell. Hence
the electrode patterns must be designed such that they intersect only
at the pixel and not anywhete else in the active area. The character fonts
in LCDs can easily be impwved, since the pixel shape can be chanéed
by altering the electrode patteins. Apairt §rom the character fonts, special
symboly lke kRHz, mV, Q, etc., can be included with a high resolution in

bt
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Table 2.4.

Vatious Chatacter Fonts used in Displays

Font

No. of Pixels/
Charwacter

Fotmat

Purpose

Comments

Seven numeic
segment

Star burst
patten

3x5 dot
matix

5x7 dot
matix

#x 9-dot
matix

5x5 dot
matiix

6x§ dot
matiix

Random
position

Seven bats and
a decimal point

13 - 16 bars

15 dots

35 doty

63 dots

4% dots

48 dots

13-30 stiokes

titted to 1ight

tilted to ight

(¥, It

“ 0

5
5

tows and
columns

tows and
columns

1ows and
columns

Tows and .
columns may be

tibted to 1igh

§
é

1ows and
columns

bats 1andomly

0-9 and few chatacters
lLke A, E, H, L, P

0-9, A-Z and speciad
chatacters

0-9

0-9, A-Z and special
chartacters

0-9, A-Z (both upper
and fower case} and
special chatacters

0-9, A-Z and special

characters

n

0-9, A-Z and speciad
chatacters

widely used in displays

Not popular

Numertic application not as
popular as seven segment

display

Most popular in Alphanumeric
applications

Has better chatacter 1epre-
sentation compared to
5x 7 dot matiix.

Not popular
n

wsed in CRT and plotters
only

£¢°2



2.34

LCDs, without any additional cost. The pixels in these numeric and alpha-
numeric displays are usually interconnected to fomm a matux display, i
the number of pixels s large. The electrode patterns on the glass plates

gotm the pixels as well as the address lines.

2.3.3  Multiplexing

A display should be capable of displaying any information. Hence
it should be possible to activate the selected pixels without aftering the
state of the other pixels. The process of trwansmitting information to all
'the pixels and hence activating the appropriate ones s called addressing.
A line-by-tine addressing i used in  matix displays based on many techno-
logies including LCDs. The information to be displayed in a column (o1
'z‘ow) 4 time multiplexed thiough a single column (o1 tow) addiess lkine.
This s similar to the tirné division multiplexing in communication enginee-
1ing. Hence the addressing technique (8 commonly teferred to as Multiplexing
01 Matuix addressing. A signal applied to a column for activating a pixel
in a selected 10w appears across all the pixels connected to that column.
Hence the display elements should have nonlinear characteristics, if they
are to be multiplexed [38], e.g., LED i3 a polarity dependent device with
a nonlineai V-1 characteristics. The main advantages of multiplexing aze

as gollows :

- A 1eduction in the number of connections to the display ;
- A 1eduction in the number of display dirivers ; and,

- Increase in the 1eliability.

However the petformance of a multiplexed display may be limited by

the shottcomings in the nonlinear chawactetistics of the display device.
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But multiplexing becomes the natural choice when the number of pixels

in a display i large, in spite of this drawback.

L3

The matuix displays make use of the intunsic nonlinearities present
in a display device. This approach s not suitable when the nonlinear charac-

teristics in a display device are :

- totally absent ; o1

- not adequate for a given application.

Multiplexing s then made possible o1 enhanced by incowporating a nonlinear
element with each pixel in the matuix display [39,40]. The nonlinear efement

can be one of the following devices :

- Varistor [41,42]
- Diode [43,44,45]
- Metal-Insulator-Metal (MIM) device [46,47]

- Thin Fidm Transistor (TFT) [48,49,50].

Matrix displays fabricated with such nonlbinear elements are usually called
Active matiix displays. The term active in this context 1efers to the p’ze;
sence of an extrinsic nonlinear element only. Table 2.5 gives a comparison
between the matrix addressing (multiplexing using the intrinsic nonfinearity)
and the active matux addwessing. The active matix approach s becomfng
popular now-a-days because of the 5ollowing developments:

- Reduction in the number of steps 1equired go1 the
gabrication of the nonlinear devices [51] ; and,

- Introduction of 1edundancy techniques to improve the yield [52].



Table 2.5.

Matiix Addressing and Active Matiix Addiessing - A Compatison

Patamelets

Characteristics of

Matrix Addiessing
{multiplexing with
the int1insic non-
linearity)

Active Matrix Addressing (using extrinsic
nonlineatity) with

Two terminal devices

Three tetminal devices

Nonlineazity in the display
device characteristics

Display pergormance
(contrast 1atio and viewing
angle)

Duive requitzements

Duty cycle

Supply voltage
Display fabtication
ézey fevels

Yield

Cost

Essential

Highly dependent on
the number of lines
multiplexed (N)

Depends on N

1/N

Incteases with N
Simple

Limited

Good

Economical

Not essential

Less dependent on N

Depends on N

Can be enhanced with
a storage element

Increases with N
Requites several steps
Limited

Poor

Expensive

Not essential

Independent of N

Independent of N

100% with a stoiage device

Independent of N
Requites several steps
Urth;mited

Poot

Expensive

9¢°2



However, multiplexing using the intunsic nonlinearity i still attraclive

due to its infierent simplicity and cost effectiveness. The characteristics

2.3¢

in favour of multiplexing TNLCDs are given in Table 2.6. Most of the liquid

crystal displays . use the voltage threshold and the wms 1esponse for multi-

plexing. Displays using the dielectuic relaxation in liquid crystads (two

frequency addressing) ate not popular due to the diawbacks listed in Table

2.6.

Most of the electro-optic effects in liquid caystals exhibit ms 1es-
ponse, which is independent of the polatity of the voltage. The problem
of cross-talk encountered in a matrix display s dlustrated uu’ng' a 2x?
matiix shown in Fig. 2.13. A voltage U is applied to the 1tow X, and the

column electrode Y, 4 grounded. The 1emaining electrodes, viz., X, and

VZ are left floating. The following states are defined in this ariangement::

- Selected state (P”J ;
- Half-selected state (P,, and Py,); and,

- Non-selected state (PZZ’ .

"As the voltage U i3 increased §rom zero, the selected pixel is activated
first. When the amplitude of U i increased further, pixels in the half-select
and non-select state are afso activated. This phenomenon i referted to
as cross-talk and s mainly due to the bidirectional chazracteristics of LCDs.
The applied voltage is divided among the half-select and non-sefect pixels
depending on their impedances. The cross-tath in the actual matiix is more

complicated due to the large number of rows and columns, and 45 easily



Table 2.6  Characteristics in favour of multiplexing TNLCDs

oy Points in favour of Cuiticad ;
Chaztacteristics multiplexing parameters Shoitcomings Comments
Electro-optic A voltage below Vg Ae, bn, d The electro-optic Uy @ essential

1esponse with
a well degined
thieshold
voltagd V)

ms 1esponse
{tesponse is
independent of
the shape of the
addressing wave-
gorms)

Dielectric relaxa-
tion in some of
the NLC mixtures

actoss the elements
does not active them

P1esence of an instan-
taneous voltage above
Uth does not tutn ON
an OFF pixel, i Uy,
i less than Uth

Change in sign of the
diefectric antsotropy
at high grequency

befe, Ki3/Kyy
Pre-tidt angle

Cell thickness
and viscosity

Ae and 60_

1esponse curtve (4 not
steep la brick wall
chs. i desited). Vg
and steepness ate
functions of viewing
angle and temperature

Response time {4
large

e and dietectiic
anisotropy & a
gunction of tempe-
1ature

go1 multiplexing

Allows a greater
freedom in the
choice of the
addressing wave-
goims

Not popular due to
the tempertatute
dependence of
anisot1opy. Requites
high voitage pulses
go1 addressing and
power consumption
& high

8¢°2
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(a) (b)

Fig. 2.13. ldustration of cross-tatk in a matrix display .
a) 2X2 matiix, and b} ity equivalent citcuit.
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visible in a device with a poor thieshold chatacteristics [3]. The effect
of cross-talk can be minimized by connecting the electrodes to low driving

impedances [53].

- 2.3.4 Desirable Characteristics of Addressing Techniques

The following chatacteristics ate desired in any addzessing tech-
‘nique fo1 duiving matvix displays with an tms 1esponse. The addressing
techniques azre based on the intrinsic nonlineatities in LCDs with a special

1eference to TNLCDs
- The cross-talk should be minimized.

- The wms uoltdge actoss all the ON pixels and simidarly the 1ms
voltage across all the OFF pixels should be equal for a uhiéozm
appearance of the display. Consideting the nonlinear transmission

characteristics of TNLCDs (Fig. 2.6}, ideally the
{} voltage ac1oss the OFF pixels, i.e., UOFF (tms} < Uth; and,

“) voltage ac1oss the ON pixels, {.e., Von (tms) > Viat *

But, in practice, the wms voltage across pixels in identical states should

be the same §or the reasons given below :

{ The threshold characteristic of TNLCDs varies considerably with

" viewing angle ; and

#) The voltage margin between Von (tms) and Vorg (tms) i not

“wide, especially when the number of lines multiplexed i large.

- The selection ratio, i.e., R = [UON (zma)/UOFF {1ms)] should be
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high. This ensures a good disciimination between the ON and OFF pixels,

resulting in a good contrast 1atio of the display ;

2‘4

The addiessing technique should lead to a de-free operation, in

order to ensure a long lge of the display ;

The supply voltage 1equirement should be low fo1 the gollowing
1easons: - |

i) LCDs ate mostly used in portable products ; and

) Regular CMOS 1Cs can be ditectly used without any need o1

development of high voftage drivers, leading to considerable economy.

@) An addressing technigue tequiting a lower supply voltage &4 pre-
ferable even when the supply voltage i determined by other consi-
detwations since NLC mixtures for TNLCDs with a steep electro-optic

characteristic usually have a high Vene

The addressing technique should be simple. Apait §rom the elegance,
this leads to a simple control citcuil and hence will be 1reliable

and economical.

The addiessing technique should have the glexibility to match the

~display characteristics. For example the dielectric 1elaxation in

liquid crwystals demands that all the §requency components of the

wavegorm across the pixels to lie within the flat region of the cuwe

(Fig. A1.2).

MATRIX ADDRESSING OF LCDs - CURRENT APPROACHES

The pergormance of a multiplexed LCD depends on -
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- the liquid ciystal matevial used in the display, i.e., its physical paza-

meters ;

- the electro-optic effect employed including the cefl parameters ;

and

- the addtessing technique used to duive the display.

While some important aspects of fiquid crystals and the electo-optic effects
were teviewed earlier, the vatious addressing techniques fo1 multiplexing
wms 1esponding LCDs are cuitically reviewed here. These addiessing techni-
ques can be broadly classified as follows :-

- Techniques for di&playing genexal pattewns; and

- Techniques for displaying 1estricted pattens [54].

Basics 0§ matuix add'zéw'ng, the Direct driving, the Half-Select Technique,
the One-thind Select Technique, the Aft and Pleshko Technique (APT), the
Improved APT (IAPT), the Switching Bias UVoltage Addressing Technique
(SBAT) and the Two Fiequency Addiessing Technique are covered under
the g§ist category. Basics of restricted pattewn addiessing and some special
addiessing techniques for oscilloscope displays aze covered next. This is
gollowed by practical considerations applicable to matiix addressing and

some techniques §o1 1educing the lead count in matvix displays.

2.4.1 Displaying Genexral Pattens

a) Basics of Matiix Addressing

The line-by-line addressing {8 the basis of all the addiessing techniques

for multiplexing 1ms 1esponding LCDs. One set of address tines (1ow o7
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column) i3 used for the scanning, while the other set lcolumn o1 zow) i
used for the signals. The choice between the row and column address lines
'501 scanning depends on the matrix. The set with a small number of address
lines s preferted for scanning, since the performance .06 a matux d{bplay
deteriorates with the number of address lines. waeuu, the scanning 14
considered to be row-wise n this review fo1 the sake of convenience. The
N address fines to be multiplexed aze sequentially sefected one at a time.
The selected tow gets a voltage v, while the unselected 10ws aze grounded.
The column voftage UV, depends on the data to be displayed in the selected
10w and {5 in-phase with v, go1 an OFF pixel and i85 out-of-phase o1 an
ON pixel. Both the 1ow-select and column voltages are simultaneously applied
to the display. A cycle i3 completed when all the 1ows aze sefected once.
The display should be 1efreshed sufficiently fast to avoid glicker, since
mms 1esponding LCDs have shott time memotwy only. The polarity
of the tow and column voftages ate 1evensed periodically in order to ensute

a de-§ree operation.

b)' Direct D1iving

Direct dziQing i employed, when the number of pixeds in a display
i small (tess than 20-30). The electrode pattens on one of the glass plates
are interconnected to form a common back-plane and brought out as a
single connection. The connec'tion §o1 each pixel 5 brought out independently
on the other glass plate. Hence a display with M pixels will requite (M+1)
extewmal connections. This ¢ equivalent to a matux with a single 10w and

M columns. The ON pixels here can be duven as hard as 1equited, while
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the OFF pixels get a zero voltage across them. CMOS logic gates are well
suted ot duving such LCDs. The main advantages of using CMOS gates
as duvers aze listed in Table 2.7. Biphase addressing i» the most populax
technique for directly dviving TNLCDs since the supply voltage requitement
of this technique s low. Hete, an Exclusive-OR gate, used as a controlled
inverter &8 the duver (Fig. 2.14). A squate wave with 50% duty cycle is
applied to the baclz—ﬂane and as one of the inputs of the gate. The data -

i connected as the other input of the gate. The duiver gunctions as 601!0(4)5:

- The output of the gate (s 180° out-of-phase with the back-plane wave-
go1m, when the data input is logic 1. Hence an ON pixel gets an 1ms

voltage equal to the supply voltage;: OR

- The output .06 thergate will be in-phase with the back-plane wavegorim,
when the data input is logic 0. Hence the voltage actoss an OFF pixel
{5 zero. The frequency of the square wavefoim i usuatly low (32-
100 Hz) in owder to consewe power. The supply voltage is chosen to
be at least three times uth’ in order to get a good contrast 1atio

in the display.

The problem of cross-talk appears even in a directly duiven display,
when the display size i large [55]. The back-plane waveform gets distorted

§or the gollowing reasons :
- The distributed 1esistance of the back-plane electrode; and

- The large capacitance (700 - 7000 PF) of the pixels.

The cross-tatk can easily be obsewved by increasing the amplitude and gre-



Table 2.7. Advantages of CMOS gates as LCD drivers

- They are low power devices
- They operate over a wide voltage 1ange
- They have symmetrical characteristics

- They can sink o1 source equally well.

245
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quency of the addiessing waveform. The effect of cross-talk in a large

area, directly drven display can be reduced by taking the following Atépb‘:
- Decreasing the 1esistance of the back-plane efectrode;
- Using an NLC mixture with a high Upp 3 01

- Delaying the segment waveform (~ 300 us) with 1eference to the back-

plane wavegorm.

The power requited in the directly driven dibpfay:'can be reduced by modi-
fying the addressing waveforms as given in Fig.2.15. All the drive lines
ate momentarily grounded here, to allow the charge ac1oss the ON pixels
to discharge without using the supply cuwment. While a 50% 1eddction in

the power is expected theoretically, an actual reduction of 33-43% is 1epor-

ted in literatuze [56].

c¢) Half-select Technique [HST]

This technique i based on line-by-line addiessing and was the fitst
technique ever used for multiplexing LCDs [57]. The 1ow-sefect voltage

hete is tU/2 and the cofumn voltage U o as given below :

-V, - tVU/2, i.e., in-phase with the row-sefect voltage, gor an OFF pixel

in the selected 1ow; and

-V, = W/2, ie., out-of-phase with the 1ow-select voftage, for an ON

pixel in the selected 10w.

The instantaneous voltage ac1o3s a pixel fo1 all the combinations of row
and column voltages ate given in Table 2.8. The voltages within the parenthe-

865 include polarity inversion, for1 a dc-f1ee operation. This technique as
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Table 2.8§. Pixel voltages in the Half-select techniques

-».

Applied Voltage

Resultant voltage
ac104s the pixels

Row Column
/2, (-v/2) . -v/2, 1+0/2) +U, -V
Selected . : Selected ON pixel d
/2, (-V/7) , /2, 1-V/2) 0, 10)
Selected Unselected OFF pixel
0, 0) -v/2, (+V/2) +V/2, {-V/2)
Unselected selected both ON and OFF pixels
0, (o) ' +U/2, 1-U/2) v/, 1W/2)

Unselected Unselected

both ON and OFF pixels




it was ouginally used did not take the 1ms response of LCDs into considera~
tion. Hence the instantaneous voltage (:U/2) was maintained below Vips
s0 that the OFF pixels aze not activated. A display with a fast zesponse
time & 1equited i the technique s based on instantaneous 1esponse 1ather
than the wms 1esponse. The wms voltage across the pixels and the selection

1atio of this technique ate however given below for the sake of completeness.

‘ 7 1/2
- [uz:f(/v-ne%)z]'/ [N+3]/ -
v mms) = = v 2.1
ON . N AN
1/2 1/2
- [w-m%;f]/ [N-1]/ -
v mms) = | —— = —_— v .
OFF N N
and 12
' N +3 ' :
The selection ratio = R = ' {2.3)
N -1

where N s the number of lines multiplexed.

d) One-third Select Technique {OST)

This technique s a line-by-line addressing technique and is based on
the 1ms 1esponse of LCDs [58,59]. The rows are selected with a voltage
t%u—, while the unselected 10ws ate grounded. The column voltage V o
_% and depends on the data to be displayed in the selected 10w as given

below :

-V, = +U/3, Le., in-phase with the 1ow-sefect voltage fo1 an OFF pixel,

and

- VU, =3%U/3, ie., out-of-phase with the row-select voltage gor an ON pixel.

c
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The instantaneous voltages across the pixels in the OST aze given

in Table 2.9. The 1ms voltage across the ON and OFF pixels aze given

below : .
24 1/2 1/2
| viriw-n g Y
UON (tms) = = | — v (2.4)
N ‘ 9N
1/2 1/2 A
7+ v - 1 7 " )
Vorr ltms) = =l V=3 (2.5)
' N 9N
The selection 1atio here i
N +§ 112
R = ] (2.6)
N .
whete N {5 the number of lines multiplexed.
The supply voltage for this technique ¢ obtained as follows :-
Vipp loms) = U, = % (2.7)
OFF th 3 :
o1
Ubu.pply = Y = 3uth (2.8)

Although the supply voftage here is independent of N, the selection ratio
i not the maximum for all values of N. This i because the 1ms 1esponse of
LCDs s not exploited fully hete. The selection ratio i maximum, only
when N = 4. Hence, this technique i3 no longer used due to its poor selection

1atio, especially §o1 higher values of N.

e) Alt and Pleshko Technique (APT)

Alt and Pleshko were the §ist to maximize the selection 1atio by



Table 2.9. Pixel voltages in the One-third selection technique

- Applied voltage

Resultant voltage across
the pixely

Row Column
2V vV v %
*T' ('—3_’ '7, ("'?’ *Up ('U,
Selected Selected ON pixel
v v % % v %
**3—‘,(-'3— *—3,(-—3) *7.("3—)
Selected Unselected OFF pixel
v v 1% %
0! (0’ "3')(*'3‘, T, l“_S, .
Unselected Selected both ON and OFF pixels
v v v v
0; ‘0, *‘3‘, ('—g, '?n ("'7’
Unselected Unselected both ON and OFF pixels
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taking the 1ms 1esponse of LCDs into consideration [60]. The instantaneous
voltage actoss an OFF pixel can exceed Uy, as long as the following con-

straints are satisfied :

- Its duration {5 small as compared to the zesponse time of the display;
~and

- The  1ms voltage across the pixel i3 below Ve

This technique i3 a line-by-line addressing technique. The 1ows ate sequen-
tially selected with a zow-select voftage VU, while the unselected 10ws
ate grounded. The column. voltage depends on the data to be displayed in

the selected tow as given below :

- 1t i 2V o {.e., in-phase with the 7row-select voltage fo1 OFF pixels;
o1

- It i o e, out-of-phase with the tow-select voltage o1 ON pixels.
The instantaneous voltages acrtoss the pixels fo1 the varvous combina-

tions of 1ow and column voltages are given in Table 2.10.

The instantaneous voltage |V,-V, | appeating actoss the OFF pixels can
be higher than V... The column voltage v c| appearing actoss the pixels,
when the cortesponding tow i85 not selected, does not have any 7elevance

to the data to be displayed in these pixels. Hence, the duty cycle i3 1/N.

The wms voltages across the ON and OFF pixels ate given below :

2 2 ~41/2
(v, +U,] +(N—1}Uc]

v (xms) =[ (2.9)
ON N

and



Table 2.10.

Uoltages across the pixels in APT

2.53

Applied Voltage

Resultant voltages
actoss the pixels

Row Column

+ V,[, “ U’l, - UC. ("‘ UC’ . V’I+UC' —(U’I+UC,
Selected Selected ON pixels

W, V) V., {- Vc, V-V - (V{-Ué)
Selected Unselected OFF pixels

0' (0, - Uc: (‘* VC, + UC ’ = (UC,
Unselected Selected Both ON and OFF pixels
0} (0, + Uc, (' UC, - VC ’ + (UC}
Unselected Unselected Both ON and OFF pixels




2.54

1/2

W, -v )t e -l
N
The selection 1atio i a maximum o1
v, = N v, (2.71)

The maximum selection 1atio s as given below :

1/2
o Voylmd [Nz/z”]/

(2.12)

A de-free operation is ensuted by reversing the polarity of the row and

column voltages simultaneously {n a peuodic manner [60,61] as given below:

- Within the row-select time; o1

- After selecting N 1ows .
Both these schemes are shown in Figs.2.16 and 2.17 1espectively.

The wms voltages actoss the ON”and OFF pixels for a maximum selec-

tion 1atio a1e as given below :

an o+ N8
Voy tomsh = v | (2.13)
N C
and
aw - M |
Vo ol = ——— | v, (2.14)

The OFF pixels in the display are usually biased to V., in order to get

a good contwast 1atio. Hence, the voltage V. can be detewmined in tewms
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ROW WAVEFORMS WAVEFORM ACROSS THE PIXELS

HV4V)
+v, ON
' S | .- +V
ROW1 0 ! ] —‘— AU ] v
¢
-v'
) ~(V, V)
" ROW 2 & { -(5‘
+Vy _
ROWI © { ¢ ‘?‘ T 1L
...Vr
ROW | L _‘_
1
+, OFF _ +HV,-Ve)
. Vd R - +Ve
ROWN O 2 * -(P— o L -Ve
. _ _ : , LV =V)
—V' r (3

COLUMN WAVEFORM ‘\
Ve It - vz
ol Tt | o B v
[ A CYCLE
- i gt

Fig. 2.16. APT with polatity 1eversal within the 1ow-sefect time.



+Vr
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ROW 2
+V’
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-V,
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—Vr
+Ve
=V,

ROW WAVEFORMS

n_ #on

u}
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.
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J SO DR

v2
Vi =NV,

APT

Fig. 2.17. APT with polatity reversal after selecting N 1ows.
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o4 Uth as goblows :

12
2w - v 1Y
01 .
N 1/2 Ven
v o, - —t (2.16)
c [ 2in - N2 ] th = o 12

The supply voltage is determined by the maximum voltage swing in the

addressing wavefoims. Hence,

4N 1/2
Ubuppl{'/ \APTI = ZU’L = ZN’/Z Uc =[—m—N:1'/—2—, ] Uth {2.17)

Thi;s technique {8 simple and it provides the maximum selection zatio. The
maximum instantaneous v’o!ta.ga actoss any pixel & (U,l + Uc). But the maxi-
mum voftage swing in the addiessing wavegorm is 2v,. 1t 123 poWlble to
reduce this swing to (U1+Vc) by using a technique proposed by Kawakami
et al [62]. This technique with a low supply voltage will be 1eferted to
as Improved Alt and Pleshko T echnique (1APT) in this Thesis.

§) Improved Alt and Pleshko Technique (1APT)

The addressing waveforms of APT can be modified from the following

observations in the addressing waveforms of Figs. 2.16 and 2.17 :

- The instantaneous voltage across any pixel does not exceed |U,l + vV

12 el
{.2., (N +1) Uc; and

- The vdltage v, {5 either positive or negative at a given instant.
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The modified addiessing waveforms of 1APT are obtained from that

o4 APT as given below :

- The 7row and column voltages are shifted by VU, when the polatity

of the row-sefect voltage s positive; and

1/2

~  The 1ow and column voltages are shifted by WV, “e, NYT U

¢
when the polatity of the 1ow-select voltage s negative.

The above tiansgormation does not alter the wms voltage ac1oss the pixels

since, both the 1ow and column voltages are shifted by an equal amount.

Table 2.11 gives the instantaneous voltages actoss the pixels for various
combinations of 1ow and column voltages. The voltages within the parenthesis

include phase reversal o1 a de-free operation. The maximum voltage swing

/2

in the addiessing wavefoums of 1APT s (N' + I)UC. Hence, an expression

‘§o1 the supply voltage is deteimined by substituting for Uc,ﬁwm eqn. 2.16:

(NI/Z +1)

v (2.78)

_ 1/2 _
ubupply (IAPT) = (N7" + ”Uc =

The supply voftage requirement of IAPT 4 compated with that of APT,

as given below :

12
v (IAPT) NTd

supply (2.19)

v

= 1/2
supply (APT)

From the above equation, it & evident that 1APT 1equites a fower supply

voltage as compated to APT. For example 1APT requites only 55% of the



Table 2.11
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Voltages across the pixels in 1APT

Applied voltage

Row

Column

Resultant voltages
ac10ss the pixels

w1, 101

Selected

W"w,, o]
Selected

1/2

oo Ny

Unselected

1/2
v, v

Unselected

1/2
0, [IN +I)Uc]
Selected

112
Wy (N1,

Unselected

1/2

0, (n"nvy

Selected

w,, v,

c »
Unselected

1/2 1/2
'+(N -I}Uc,[-!N —I)Uc]

o 1/2 1/2
HNTTH TV, HINTE ATV
ON pixels
OFF pixels

+ UC » [" UC]
ON and OFF pixels

= UC [} [4’ UQ]
ON and OFF pixels
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ROW WAVEFORMS WAVEFORMS ACROSS THE PIXELS

+{v, +V )
i ON
T | 4 |
.- - e —- Leve
0

Vv, +V,.)

L« sl
Ny, I I
V¢ | | L .
N e,
c +{v,. -V
OFF PV
B I G S Tl [l 1 e
o Tt Tt T e = Ve
va COLUMN WAVEFORMS ~{vr=ve)
N v
V2 Tt/ 12
Wve e Ve =N Vg
. e .
o J. . ‘ —l._l_ {APT

Fig. 2.18. Typical addressing waveforms of 1APT .
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supply voltage of APT, when N = 100.

Typical . addressing waveforms of IAPT are shown in Fig.2.18. Both
the 1ow and column waveforms have 6éu1 uo{tage fevels. The IAPT s used
to multiplex almost all the matux LCDs available at present, since it 1equi-
1e5 a lower supply voltage as compared to APT. Thus, i i85 a vewy popuwlar

technique.

gl Switching Bias Voltage Addiessing Technique (SBAT)

The SBAT [63] is based on the fotlowing observations in APT and 1APT : -

- The APT, without the polarity 1eversal 1equites only two voltage levels

§01 the 1ow and column voftages; and

- The 1APT 1equires four voltage fevels in the tow and column waveoims,
since both tow and column drivers are connected to a common ground;
but, the 10w and column drivers have only two voltage fevels at a
given - instant. In SBAT, a bias voltage i3 applied between the ground _‘
of the 7ow, column drive1s and the common ground between them
as shown in Fig.2.19. Both the 10w and column druivers require only

. two voltage levels as given below :

1/2

- The voltage swing in the tow drivers is UV, = N2V and

- The voftage swing in the column .drivers is v,

The bias voltages aze switched as given below :

- The 1ow dwvers are biased to +UC, while the column drivers have



]
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—

Fig.2.19. SBAT. a) Schematic, and (b) typical addressing wavegorms.
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no bias voltage in one frame; and

/7

- The cotumn drivers are biased to (U, - U ) = (w1 o> While

1ow drivers have no bias uoltdge in the other frame.

The resultant waveform across the pixels {3 the same as in the case of
APT and IAPT as shown in Fig. 2.19. The SBAT is attractive §1om practical
points of view since standard CMOS 1C» can be used as 10w and column
drivers. However, the following points must be taken into consideration

while using SBAT for duiving LCDs :

- The supply voltage for the 1ow and column drivers ate different, i.e.,

Vv, and 2V o respectively; and

- The data and the control signals must be made compatible to the

duver logic citcuits by including proper level shifts to these signals.

h) Two Frequency Addressing Technique (TFAT)

This technique i5 based on the dielectric relaxation of a positive NLC
mixture [59,64,65]. The cross-over frequency §, should be low, ie., in the
1ange of a few KHz. A low frequency signal applied to the cell aligns the
molecules so that the director i» patallel to the electuc field. A high
frequency signal however aligns the molecules perpendicular to the electric
gield. Hence, the application of both low and high frequency signals to the
cell increases Vth' Consequently, the effective steepness of the electro-optic
1esponse cuwe i increased. The following alternatives ate possible in TFAT:

- Low frequency addressing waveforms with a fixed high §requency bias; OR

- High g1equency addressing waveforms with a fixed low f§requency bias.
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The latter 8 found to give better results [66]. A display using TFAT has

the §ollowing characteristics :

- Good contrast 1atio ;
- Wide viewing angle; and

- Fast 1esponse.

Yet, this technique s not popular due to the following drawbacks :

- The cross-over frequency 6c is highly sensitive to temperatute;

- The amplitudes of the addiessing waveforms are high, leading to a

high supply voltage;
- The power consumed i3 high due to the high frequency and the large

amplitudes of the addiessing wavefoims.

A prototype of a display based on two frequency addiessing with temperature

compensation i 1eported in literature [67].

i) Ultimate Limits for 1ms Matrix Addressing

The wltimate limits on the value of the selection 1atio in a matrix
display with an tms response was analyzed by Kmetz and Nehting [68,69]
and also by M.G.Clatk et al [70]. From a generalized deginition of multi-
plexing, the gollowing conclusions have been drawn when a géneml patten

i to be displayed :-

- No other orthogonal strobe gfunctions, viz., sinusoids of digferent §requen-
cies o1 Waksh functions can lead to a better pergormance as compared

to the pulsed waveform of APT ;
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- No addiessing technique exists which improves the selection 1alio
substantially as compared to that of APT, except when N =2. A sefec-
tion 1atio of 3 is obtained by using a special addressing technique [68,69)

when N = 2.

A compatison of the addiessing techniques based on the wms response and

threshold characteristics of LCDs {8 given in Table 2.12. Hete N eq i used

to compate the selection tatio of the other techniques with that of APT.

N, q gives the number of lines to be multiplexed using APT in oider to

get the same selfection ratio as that of the technique being compared [? 1.

Hence, Neq
being compared to the standard expression for the selection ratio of APT

as given below :

1/2

N + 1 1
R [~—%————] | - l2.200

Neq

Hence, the technique with a lower sefection watio as compared to APT has

=1
a higher value of Neq .

il Contrast Improvement
/

The selection 1atio is fess than 1.1, when the number of lines multi-
plexed i more than 100. The NLC mixtures available fo1 TNLCD3, at present
are just adequate for multiplexing a maximum of 12§ lines only. However,
thete aze applications, wherein the matuix size i fazgu, viz., 200 x 480,
400 x 640, ete. Although active matuix displays aze suitable for such applica-
tions, simpler techniques ate adopted gor technical and economic 7reasons.

All these techniques are based on the following observation :

- The selection ratio {5 independent of the number of columns and depends

is obtained by equating the selection 1atio (R) of the technique



Table 2.12.

Matiix Addressing Techniques fot LCDs - A Compatison

Addiessing techniques for displaying general patteins

Patameter Half-Select One- third Select Aft and Pleshko Improved Alt Switching Bias
Technique Technique Technique and Pleshko Voltage Addre-
[HST] [ 08T ] [APT] Technique ssing Technique

. [1APT] [SBAT]

Selection Low Intermediate High High High

wutio {R)

Nog Iwst/2t [neaial N N N

Maximum number

of lines multi- 20 38 110 110 110

plexed fo1 R=1.1

Supply voltage Low Low High Inteamediate Intetmediate

Duty cycle 1IN 1N 1/N 1/N 1/N

Ratio of wow-

select voltage 1/2 1/2 172

to column ! z N N N

voltage (U {/ V)

Comments Oldest Not popular Can be used Most popular Diver ICs for
Technigue now-a-days due to s low directly driven
Not popular supply voltage display can be
now a days used

99°2
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only on the number of rows multiplexed.

Hence the stiucture of the matiix panel can be modified to 1educe the
number of lines multiplexed. Even though the number of columns is increased,

such a modigication i justified o1 the gollowing teasons :
- The contiast 1atio of a matrix display of a given size can be (mproved;
- The display fabrication 5 easy as compared to that of an dactive matuix;

- The vatous stwctures of LCD matux panels, 1esulting in a contrast

tmprovement ate compared in Table 2.13.

The split signal electrode type of matiix panels are used even in

displays based on SBE, in order to obtain a good contiast zatio [18,29,31].

2.4.2 Displaying Restricted Patteins

a) Basics of Restricted Pattern Addiessing

A matrix display 8 usually designed to display general patterns. Hence,
@€ pom'blo_ to display N difgerent patteins in éach cofumn, i a matuix
with N rows. However there ate sevewl applications, wherein many of
these 2N combinations do not oceur. Fox example, a pointer type dibp!ag
has only one pixe! selected in the mattix at a given instant. Similddy, n
- an oscilloscope display, only one pixel per column i sefected when a single
wavegorm 8 displayed. 1t 5 possible to improve the selection mtié when
such 1estuicted pattewmns aze displayed. The magnitude of the éofumn voltage
U, need not be the same for ON and OFF pixels, when the number of selec-

ted pixels in a column 5 a constant. The selection 1atio as a function of



Table 2.13.  Stwctute of LCD matuix panél - A compazrison

Stwecture of LCD matzix panel

Parameten

Simple X-Y Spiit signal Doubfe matiix type Quad matiix type  Double layer matuix
type electrode type {#7] (Fig. 2.20c) 73] (Fig.2.20d) type [74] (Fig.2.20e)
(Fig.2.20a) [3] (Fig.2.20b) ‘ .

Numbet of pixels N xM NxM N XM ’ NxM NxM

in the matux , '

Number of scanned N N N N

tines N 2xtp 7 7 2 x t7d

Number of signal

lines M 2xM 2xM . 4xM 2xM

Number of wow - N N N

drivers N 2 2 4 N

Number of column '

drivers M ZxM 2xM 4xM 2xM

Number of lines

scanned f1om the N N N "N N

point of view of 7 7 Kl Z

sedection 1atio (R)

Comments Standazd Simple. No compto- The pixel size {3 Same as Double Equivalent two LCDS

mise on the pixel educed. Requites =~ matrix panel stacked on one anothexl
size. Most popular metalization to Pixel size is Requites thin glass

1educe the electrode smaller than that
1esistance. Pixels are of double matuix
displaced and have a

zig-zag stwctute

plates to avoid para-
lax. Not economical
gor large area displays

89°2
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Fig.2.20¢. Schematic of @ double layer matuix type LCD panel.
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number of ON pixels in a column (n) was arvived at by Kmetz and Nehiing |
[69]. The technique i3 similar .to APT, except for the choice of the column

voltage and {5 refered to by them as Non-Multiplexed Addressing.

The choice of the column voltage Vc hete, (4 as given below :

- The amplitude of the column voltage is V, and i out-of-phase with

the 1ow- select voltage, §o1 an ON pixel in the selected row.

- The amplitude of the column voltage i V —and iy in-phase with the
1ow-select voltage, for an OFF pixel in the selected row. The 1ms
voltages actoss the ON and OFF pixels in a matux display with N

1ows and n ON pixels in each column are as given below :

11/2
W, + vtf + - n0d+ v - mul
UON (tms) = N 12.21)
and
v 41/2
| W, -V, 2 v ks (v -n-10l
UOFF {tms) = N (2.22)
The optimum selection 1atio s
N 1/2
R = 1+ 7 go1 0 < ng (N-1) (2.23)
[nN - n) IN - 1)]¢ - n ,

The selection 7atio as a function of n for various values of N are shown

in Fig. 2.21.

The column voltages normalized with 1espect to the row-sefect voltage

U, ate as given below :
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U, DN - - 1" n

1 (2.24)
U’l Nn

and
U, N -r - )
_v . (2.25)
Vy NIN - n)

The following obsetvations are {mportant as they form the basis of 1estricted
pattern addiessing : »
- The sefection 1atio iy infinite for n = (N - 1) which is useful for several

special-purpose displays like pointers [75,76] and oscilloscopes [77,78]

- The selection 1atio s a minimum for n = (N " N’/Z)/Z. The minimum -

value {5 the same as that of APT.

- The selection 1atio {3 higher when most of the pixels aze ON as compa-

1ed to the case when most of the pixels aze OFF.

The wavegorms that ate displayed in an oscilloscope are mostly single
valued functions of time. Hence only one pixel per column i selected in
the matuix. Twa addtessing techniques were developed by Shanks et al[77,78]
gor displaying a single waveform, viz., Pulse Coincidence Technique and

Pseudo Random Technique, which are briefly deseribed below.

b) Pulse Coincidence Technique |PCT)

This addiessing technique can be treated as a line-by-line addiessing
technique (Fig. 2.22). The 1ows are selected with a 1ow-select voltage tV,.

The column voltage U o 48 chosen depending on the data to be displayed
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in the selected 10w as given below :

- VU, = 0, for an ON pixel; and

= V. = +U,, ie. the same as the row-select voltage for an OFF pixel.

The wms voltage actoss an OFF pixel i zero, since the iow and colum.n
wavegorms ate identical in this case. An ON pixel gets a voltage V, once
when the cortesponding tow s selected. AN the ON pixels in a column get
a voltage V, again, when the row cortesponding to the OFF pixel in that

column is selected. The wms voltage actoss the ON pixels i3 as given below:

1/2

(1ms) [ wf ]’/2 [ i ] ( )
v mims) = —— = —_— v 2.26
on = N N * » .

The selection natio is infinite, since the OFF pixels have no voltage across
them. Hee, the sefected pixels (i.e., the points on the displayed wavegorm)
get a lower voltage as compared to the backgiound (ON) pixels. Hence
the resulting display has a negative contrast in the case of TNLCDs and
a positive contiast in GH displays. This technique I_’lal an inherent de-free
operation and does not 1equire the polatity reversal in the addzessing wave-
goims. Hence, standard CMOS gates can be used as duvers. The supply

- voftage 5 detewmined as gollows :

i . 2,1/2

The maximum ub!tage swing in the addiessing waveform 8 U, and hence,

/2
I N
U&uppfy *® [7 j Ysat (2.28)
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Although the selection 1atio is independent of the mattix size, the wppzy

voltage increases with N, i.e., the number of scanned lines.

¢) Pseudo Random Technique [PRT]

The Pbe‘udo Random Binaty Saquance& (PRBS) are used here to md@ce
the supply voltage 'zequi'zemenu. These sequences can easily be genewted
using shift zegisters with a linear feedback [?9]. The maximum length of
these sequences i (2L - 1) when an L-bit shigt 1egister is used to genezate
them. The f{eedbacks requited to genetate the maximum length sequence
are weadily available [80], One of the many interesting properties of the
PRBS i3 the nature of its autocorielation gunction. The autocorelation
4 unity for zero delay and a cénbtant value for any other delay. Similarly,
the difference between a PRBS and its delayed veirsions have the gollowing

properties :

- The wms value ¢ independent of the number of delays, except {or
a zero delay; and

- The wmms value i zeto fo1 a zero delay.

The PRBS chosen for this technique should have a sequence length- greater
than o1 eéua! to the number of rows in the matuix. Here, the PRBS and
ity delayed Qéuiom are applied as 1ow wa;(;_éo'zmb (Fig.2.23). No two 1ows
should have the same delay, s0 that the 1ows are uniquely defined. The
column waveform 5 chosen such that the 1ow and column waveforms aze
identical as in the case of PCT. This ensures a ze1o voltage across the

OFF pixels. The 1ms voltage across the ON pixels is as gollows :
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(L - 172
Voy timsl - = [—zL - ] v (2.29)

wherein 2\L-T) gives the number of anticoincidences between a PRBS and
its delayed vewsion and UV is the amplitude of the pulses, i.e., the supply
voltage in this case. Heze, the supply voltage independent of N. An ON
pixel gets approximately an tms voltage of 0.707 U. Here again, the selection
ratio is infinite, since OFF pixels get no voltage ac1oss them. The back-
ground (ON) pixels get a higher voltage as compared to the selected |(OFF)

pixels. This leads to a negative eont'zabt, {.e., buight wavegorm against a dazk

background in the TNLCDs.

d) Multi-trace Displays

There are practical applications, viz., Logic analyzers and multi-triace
oscilloscopes wherein more than one waveform have to be displayed. The

following approaches have been proposed o1 the same :

- By using the intetleaved vertical electrodes. A dual trace display using
odd columns fo1 one waveform and even columns for the other has
been demonstrated [3]. The hotizontal resolution s sacuificed heze,

without any compromise in the selection ratio.

- By displaying the wavegorms one after the other in a sequential manner,
ie., W wavegorms to be displayed being multiplexed in sequential
grame periods (1egerred to as SFMT). The selection 1atio here is

[w/(w-m’/z, without any compiomise in the hotrizontal 1esolution

[31.

These two techniques are ustrated in Fig. 2.24.
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e} Addressing Technigue o1 Analog Displays

Displays simulating the mechanical motion of a pointer is of interest
in some applications. The pointer display and the analog watch display fall
under this category. The pattewns to be displayed are restricted and
some addiessing techniques §o1 such applications, discussed by Penz [36]

aze given below §or the sake of completeness :

- A technique proposed by Fukumoto  used a square waveform with
50% duty cycle and its phase shifted versions to addiess an analog
watch display using a pointer and barguaph to display the time. The

selection ratio of this technique s (3) 7,

- A technique proposed by Guebal et al. to addiess an analog
watch display. This technique is also suitable §or multiplexing a matuix
display with two tows. The selection 1atio of this technique s (5)’/2,

which is fess than that of APT.

2.4.3 Practical Considerations

Impotant practical aspects common to both the genewl and 7estricted

pattein matiix LCDs azre briefly covered in this section.

a) Choice of scanning frequency

Each pixel in an LCD can be considered as a lossy variable capacitor

and the power consumed in the display s dependent on the following factors:
- Diplay area ;

- Number of lines multiplexed (N); and

- Fiame grequency (scanning rate).



1t has been shown by Maxks [81] that the power consumed in a large matuix
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(N x M) is proportional to NI M. Howeve1, the power consumed s stidl low

and will not be a limiting gactor go1 LCDs. Whidle a slow scanning rate .

desitable to minimise the power consumed, the scanning must be gast enough

to ensute the wms 1esponse and to avoid glicker.

b) Large Area Di&pl@g

Hexe, the distributed 1esistance of the electrode pattewns and the distri-
buted capacitance of the pixels form tiansmission lines. Hence, the higher
frequency components in the addiessing waveforms get attenuated as they

travel §1om one end to the other end of the display. The ms voltage across

the pixels in identical states (ON o1 OFF) ate not the same hete. This leadzs'

to a brightness nonuniformity of the pixefs which can be reduced by decrea-

sing the 1esistance of the electrode pattemns in the display [82].

¢} Dielectric Relaxation

ldeally the NLC mixtute used in the display should have a high f§,,

50 that Ae {5 a constant in the §requency 1ange of operation. However,

in practice, the choice of the NLC mixtute depends on a number of considera-

tions, uiz., temperature 1ange, Uth’ steepness of the electro-optic 1esponse,

optical dnibot'topy, viscosity, ete. Hence, the actual NLC mixture used

may exhibit a slight droop in the value of Ae in the frequency range of .

operation due to low §, of some of the.components in the mixture. The

decrease of §, with decrease in tempeature also contributes to this problem.
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The egfective wzms voltage across a pixel s a weighted sum of the wms
voltages of the §requency components actoss the pixel. This takes caze
o4 the vaziation o4 Ae with frequency. However the exact wavegorm across

a pixel depends on the

- data to be displayed in the column ;
- addtessing wavegorms ;
- polarty reversal scheme; and

- scanning wte.

- The effective 1ms voltage actoss a pixel i lower when the high frequency
components are dominant as compared to the cabé when they ate weak.
The brightness non-dniﬂo'zmity of the pixels atising due to the dielectric
refaxation can be 1educed o1 eliminated by using addressing waveforms
1esulting in -p'cedominantly low frequency components acioss the pixels.
The egfect of the polarity 7eversal scheme in APT o1 IAPT , on the pixel
brightness nonuniformily has been studied [83] by using the following approa-

ches :

- Polarity revewsal within the row-select time intewal (Bipolar Monopulse

St1obe o1 BPMS), and

- Polarity reversal at the end of each cycle. (Two Field Monopulse Strobe

01 TFMS).

1t has been shown that the contiast variation |buightness non-uniformity

of pixels) is Less in BPMS as compated to TFMS.

In another approach to 1educe this nonuniformity, a new method is proposed
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[8§4]. The polatity of the addiessing waveforms aze reversed after scanning
L* lines, whete_L* <N. The polarity signal with a petiod of 2L* i modulated with
another macro” polau'ty signal with a polavty 1eversal after M* lines. A de-free
operation i ensuted only when M*/L* is odd and M* is a least common multip!é
of N and L*. The dominant §requency components of this btechm'que are in
between those of TFMS and BPMS. This technique reduces the contiast vatiation
arising g1om the dielectric 1elaxation and the transmission line characteristics
of the diaplaé. Psuedo Random Binawy Sequences (PRBS) have been used to
reverse the polatity of the addiessing waveforms. This improves the brightness

uniformity of pixels in displays addiessed with 1APT [§5].

2.4.4 Techniques for reducing the lead count

In aimat’u’x display with N! extenal connections, the maximum number
0§ pixels that can be addressed i3 (N/Z)Z. An unconvention.a! interconnection
scheme wherein Ny leads can address Nz“"z“”/? pixels i possible in LCDs.
An addressing technique for a display with this interconnection scheme was
proposed by Kmetz [34], and i shown in Fig. 2.25. The pixels ate addressed
sequentially one after the other. There i no distinction between the row-
address and column-signal lines. The reduction in the lead count 5 achieved
with a substantial saciifice in the selection ratio. However they aze useful
go1 displaying 1estricted pdtte)ma as ih the case of pointer and bargraph dis-
plays. The Multilevel addressing technique ptoposed by Sherr [35] for LCD4
achieves a good 1eduction in the lead count. Hete a number of display pdne&
are stacked one behind the other. Uatious areas in each panel (s activated
electrically using the 1egular matrix type of electrodes. Optical modulation
i used in the third dimension. The display s paititioned into large areas

in the {inst panel and only one of them s selected at a given instant of time.
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Fig. 2.25. Typical addiessing waveforms fo1 a display with 1educed

fead count. la) general patteins, and (b} 1estricted patterns

(bargraph).

Fig. 2.26. Schematic of multilevel addressing .
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The subsequent panels select smaller areas with increasing 1esolution. The
sefected pixel i3 the interwsection of the selected pixels in all the panels.
Fig. 2.26 illustrates this technique o1 a 16x 16 matux display with two panels
stacked one behind the other. The number of extewnal connections is reduced
since the high resolution electrode patterns béfonging to different areas with
1espect to the area selected in the {i1st panel are interconnected. Thieshold

characteristics 5 not essential here since -
- optical modulation s used in the third dimension; and
- ateas n each panel can be selected with infinite selection ratio using

direct driving.

The drawbacks of this technique are as given below :

- Requires LCD with a fast 1esponse time, since the pixels land not rows)

aze selected sequentially to minimize the number of extenal connections.
- A substantial reduction in the transmission, since a number of matrix

panels aze stacked one behind the other fo1 the optical modulation.

A special case of this technique fo01 a bargruaph display was also pio;oozsad

by Sherr [36] using two displays stacked one behind the other.

2.5 NEED FOR NEW ADDRESSING TECHNIQUES

A number of addiessing techniques for multiplexing matrix displdyb
with an 1ms 1esponse were 1eviewed in the previous section. It is clear from
this that the 1APT is suitable for1 displaying general patterns. This technique

is used in almost all the matrix LCDs because of the gfollowing reasons :-

- The selection 1atio & maximum for displaying general pattewns; and
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- The supply voltage 1equizement (s tow.

However the 1APT has the following kimitations :-

- The supply voltage requirement increases with N ;
- The buightness uniformity of the pixels i3 poor ; and
- The addiessing waveforms are complex, with four voltage levels in

the 1ow and column waveforms.
Considering the growing demand for LCDs in a wide range of applications,
it would be useful if the addressing technique has the following characteristics:-
- Supply voltage wqui'cement lower than that of 1APT ;
- Improved biightness uniformity of the pixels ; and
- Simple addiessing waveforims.

This calls f§or the development of new addiessing techniques for displaying

general pattetns on LCDs. |

In the case of restricted pattern displays it (s seen that the PRT 1eviewed
in the previous section & well suited for displaying a single waveform in
an oscilloscope display. However it has the following timitation gor displaying
multiple waveforms; as in a multichanne! oscilloscope, logic Aiate analyzen,

ete. ¢

- The selection 1atio or the horizontal 1esclution is 1educed.

This again calls for the development of new addiessing techniques with

higher selfection 1atio, without any compiomise in the hotizontal 1esolution
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gor displaying multiple wavegoims.

With these ﬁaciou {n view, some new addiessing techniques are p'w‘poaed
60;1 use with LCD matrix diaplayb in the next éhaptu. An analysis of these
techniques, their ‘mexits, demerits and a comparison of their puﬂo'zmance‘
in ze!aﬁ'on to the conventional techniques are also presented in the same

chapter.



