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1. INTRODUCTION

Liquid Crystal Displays (LCDs) constitute an important class of electronic
displays and are extremely popular in a wide 1ange of applications. Low-
voltage operation, low-power consumption, low-cost, good readability in
high ambient lighting condition and {lat-panel constwction ate some of
theit major advantages. A typical LCD consists of an aray of display elements
ot picture elements (pixels) organised in the form of an X-Y wmatrix as
in the case of many glat-panel displays. The artangement of pixels in these
matux displays 5 similar to that of memory elements in a two dimensional
memory artay. The pixels in a matux display should have non-linear electro-
optic chatacteristics for being selectively activated o1 addressed. This is
known as matux addiessing and & also refered to as multiplexing. The
effectiveness of LCDs in practical applications depends on the efficiency
of the pixe! as an electro-optic transducer and the addiessing technique

employed.

Considerable efforts have been ditected towards the development
of new electro-optic effects and new liquid crystal matem\db in order to-
improve the display characteristics. The Twisted Nematic [CRs (TNLCDs)
and the Super-twisted Biregringence Effect Displays (SBE Displays) are the
two 'm05t popular LCD» éuailab!e today. Some common features 1elevant

to the d.dd'zo_wng of these displays are given below:-

- Non-linear electro-optic characteristics ;
- Long 1esponse times |~100 mS) ;

- ldentical response to both positive and negative electric fields.
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Hence TNLCDs and SBE Displays exhibit 1ms 1esponse to the applied electiic
gield.

Some important characteristics desitable in addiessing techniques for these

LCDs are :

- Good disctimination between the ON and OFF pixels; this ensures
a good conttast 1atio in the display. The selection 1atio defined as
the ratio of the 1ms voltage actoss an ON pixel to that across an
OFF pixel s a measure of this disctimination and hence it should be

high.

- DC-free operation; the display should be addressed with ac gields

to ensure its long life.

- Low amplitude of addiessing waveforms; this reduces the supply voltage

requitement of the duve electronics.

- Good pixel-brightness uniformilty;  thiy ensutes uniform appearance

of the display.

- Ease of implementation; this 1educes hardwazre complexity and cost.
The following two approaches are possible for addressing matrix LCDs :-

- Daect-multiplexing, whetein the intuinsic non-Unear characteristics
o4 the pixels are exploited; this i used in many applications including
computer terminals, in which the information to be displayed is bilevel

({the pixels aze either ON ot OFF).

- Active-matrix addiessing, wherein an extunsic nonlinear element 4

ncorporated in association with each pixel; this 4 commonly used in
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small-area TV displays, in which grey scale and colour are important

(n adddition to having a large number of pixels.

The Dimct—Multiplexed displays aze populai because of their simple

constwetion, high yield and low cost. The development of addiessing tech-

niques for these displays with 1ms 1esponse has therefore attwacted consi-

derable attention in 1ecent yeatrs. Some important developments in ditect-

multiplexing ate given below :-

Analysis of one-third selection technique (3:1 muftiplexing) by Kmetz
(1973). The selection ratio of this technique 5 optimum only when the
number of lines multiplexed (N) ‘ib 4 and 5 not a maximum fo1 any
other value of N. However the supply voltage requitement of this .

technique ¢ independent of N.

Analysis of scanning limitations of LCDs by Alt and Pleshko (1974).
This is an impottant milestone in the addressing of LCDs. The selection
1atio of this technique |APT) is a maximum for all values of N, but
the supply voltage 1requitement increases with N. A de-gree operation
1) enbu"zedAby a petiodic 1eversal of the joolau'ty o4 the row and column
addiessing waveforms which further increases the supply voltage require-
meant. Displays addiessed using APT have a poor buightness uniformity

of pixels when N & large.

New addiessing waveforms proposed by Kawakami, Nagae and Kaneko
(1976} are an improvement over those of APT. This technique will
be referred to as Improved Alt and Pleshko Technique (IAPT). It achieves

the samz selection watio as in APT and a de-f1ee operation. But, 1APT
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1equites a fower supply voltage than APT. The 'b'u'ghtnub unigotmity

of pixels in displays addiessed using IAPT is also poot when N is large. .

A special addressing technique with infinite selection 1atio developed
o1 displaying single waveform in Oscifloscopes by Shanks, Hobland
and Hughes (1978]. In this technique, 1eferted to as Pulse Coincidence

Technique (PCTI], only one pixel is selected (ON o1 OFF) in each column.

Analysis of wltimate Uimits o1 matuix addressing of '1m5-1é5ponding :
LCDs by Nehting and Kmetz (1979). It has been 5hown_that_ the wlectibn
1atio cannot be improved significantly as compared to APT by any
addressing technique, except when N = 2. The selection zatio as a
function of the number of selected pixels in a column [1restricted patterns)

has also been analysed by them.

General theotwy of matuix addiessing of -LCDs by Clark, Shanks and
Patterson (1979). The binary addressing wavegorms, possibility of display-

ing grey scale and 1estricted pattens in LCDs have been analysed.

Addressing method for Non-multiplexed liquid ciystal Oscilloscope
display proposed by Shanks and Holland (1979). This technique -can
be used to dibpldy a u’nglé waveform with an infinite selection 1atio
‘and will be 1eferred to as Pseudo Random Technique (PRT). The supply

voltage iequ&'wment of this technique i almost independent of N.

Switching bias voltage technique for multiplexing LCDs proposed by
Lorteije (1981). This technique used simple LCD drivers with bilevel
output and yet achieves the esults of 1APT. The '“'hcifcdwaw complexity

of this technique 5 lower than that of 1APT.
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- New polarity 1eversal scheme fgor 1APT proposed by ldeno, Horikird
and Arai [1983). This improves the brightness uniformity of pixels in

displays addressed using 1APT.

- Investigation of contrast vatiations in high-leve! multiplexed TNLCD) |
by Hughes (1986). The effects of dielectric 1elaxation in lquid ciystal
mateuals and the polarty reversal schemes on the buightness uniﬁodfnity

of pixels have been analysed in displays addressed using 1APT.

- Complex polarity sequences pwpo&ed‘by Maltese (1987). This technique
again improves the brightness unigorimily of pixeds in displays addressed

using 1APT.

In the present state of the art, the 1APT 45 widely used to address
matiix LCDs fo1 displaying general pattewns. Although it s well known
that the selection 1atio cannot be improved over that of APT o 1APT,

thete i scope for improvements in the following areas : -
- Reducing supply voltage requizement ;
- Obtaining good brightness uniformity of pixels ; and
- Loweting of hardwate complexity of the duivers.
In addition to thés,’ the sefection 1atio of any new addiessing technique

shoutd not be significantly lower than that of APT o1 IAPT, especially when

N i large.

In the case of displaying 1estricted patterns the PRT proposed by

Shanks and Holland (1979) i3 suitable for displaying a single waveform with
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an infinite sefection ratio. Only one-pixel (s selected in each column here.
However the hotvizontal 1esolution o1 the selection 1atio i3 compromired
@ multiple waveforms are to be displaged. There i scope for increasing
the selection 1atio even when the number of selected pixels in each column
&5 more than one. Any new addiessing technique with a higher selection
ratio and without any compromise in the hotizontal 1esolution will be useful

gor displaying multiple waveforms in Oscilloscopes and Logic Analyzers.

Theredore, an in-depth study of the addiessing techniques go1 1ms
1esponding LCDs was undertaken in order to achieve these goals. New addre-
ssing techniques developed as a resuft of this study form the main theme

of this thesis.

The thesis {5 divided into {ive chﬁptub. Following this introduction,
Chapter 2 gives a buief introduction to the liquid caystals, important efectro-
optic efpects in liquid crystals, matuix displays and multiplexing. This s
gollowed by a sutvey of various addressing techniques for multiplexing LCD»
with 1ms 1esponse. The chapter ends with a discussion on the need for new

addressing techniques §or 1ms 1esponding LCDs.

Some new addiessing techniques for multiplexing .matu'x LCDs with
1ms 1esponse azre proposed in Chapter 3. While the conventional addiessing
techniques are based on line-by-line scanning, the Binaty Addressing Technique
(BAT), Hybtid Addiessing Technique HAT) and the lmproved Hybuid Addre-
ssing Technique (IHAT] presented hete are the outcome of selecting more
than one line at a given instant of time. The IHAT-S3 and IHAT-S4 discussed
are special cases of IHAT. Hardware 1eduction in the column drivers is

achieved here by 7estricting the number of voltagelleuo_lb in the column
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waveforms. All these techniques are suitable o1 displaying general patteins.
A compauson of these techniques with 1APT is presented next to show thé
usefulness of these techniques for addressing matrix LCDs. The Restricted
Patten Addressing Techniques (RPATS) proposed next a1e baled on the
line-by-tine sefection of 1ows in a matuix display. However the column signals
aze different from those of the conventional techniques (APT and IAPT).
Apatt from a detaidled analysis of all these new addressing techniques a

compatison of their performance with that of the conventional techniques

4 also presented in this chapter.

The practical implementation of these new addressing techniques 45
covered in Chapter 4. Their performance iy evaluated expeumentally and
the results are compared with the theotretical analysis given in the previous

chapter.

- In the concluding Chapter, the implications of these new addiessing
techniques on LCD technology ate 1eviewed and the scope for further wotk

i buegly discussed.

A few Appendices giving some impoitant physical parameters of liquid

cwystals and LCDs follow References.  Some derivations related to the

‘techniques discussed <n Chcipte'z 3 and the author's publications on the new

add1essing techniques presented (n the thesis ate also 1eproduced in the

Appendices.



