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(57) Abstract

A liquid crystal display comprises a body of a nematic liquid crystal host material (1) which contains a pleochroic
fluorescent dye and which is supertwisted. Parameters of the display are selected such that the display has a transmission
wavelength spectrum which encompasses the emission spectrum of the fluorescent dye. In a backlit mode, the display op-
erates in transmission and the light from an electroluminescent panel (11) excites the fluorescent dye in the liquid crystal.

“In high ambient light levels, the display operates in a reflective mode and the fluorescence is excited by ambient blue or

Altraviolet light. The absorption and the fluorescence of the dye are anisotropic, so that switched segments appear dark. In
unswitched regions of the display, however, the fluorescence is excited and gives a bright background to the display.
Hence, the effect of the fluorophor is to improve the brightness of the display.
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Liquid Crystal Displays

This invention relates to liquid crystal displays (LCDs), and
particularly to displays comprising 1iquid crystal cells which can be
operated in a multiplexing mode.

, There is a widespread and increasing demand for displays
which can present large quantities of complex information. This
reqUires that the display should be multiplexed to quite high levels;
over 100-way ﬁu]tip]exing is commonly needed. Moreover, in many
applications, the display is also requifed to consume little power, to
operate at low voltages and to be portable. An example of such a
requirement is the monitor for a portable personal computer.

_ ' Liquid crystal displays fulfil the second set of requirements
well, in that they fequire Tow driving voltages (1-2V) and consume
very little power. However, their visual appeal, particularly when
multiplexed, is poor. ‘Conventional twisted nematic devices can be
mi1tiplexed only to a limited extent (typically fewer than 64 ways),
and at the high levels of multiplexing the contrast of the display
falls considerably and the viewing angle is greatly restricted.

Furthermore, the appearance of the display, even at low levels of
multiplexing, tends to be dull because polarisers are required for its
operation. The dullness is accentuated in dim ambient lighting, and

" some form of subsidiary light source is then required.
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Displays have recent]y been developed which use supertwist -
Tiquid crysta] dev1ces. These displays provide greatly improved

- nult1p1exab111ty while maintaining good contrast and good range of
“viewing angle. A sharp voltage threshold is required for the high
level of nu]tip]ex1ng in these displays, and this is achieved by
increasing the twist 1in the ‘1iquid crystal layers to about 270° and by
stab1]1s1ng the twisted structure by increasing the surface tilt.

There are various types of supertwist d1sp1ays. Examples are
_described in an article by C.M. Waters, V. Brimmel and E.P.Raynes
(1983) in Japan Display 83, pages 396-399, and later (1985) by the
same authors in Mol. Cryst. Lig. Cryst., 123, pages 303-319. The
described displays incorporate absorbing pleochroic dyes in-a Tiquid
crystal host. Such displays'nhy betoperated either with a host having -
high birefringence and a single polariser (the so-called Heilmeier
type) or with a host having a low birefringence and no polariser
(operat1ng in the so-called White-Taylor mode).

. The most common supertwist display relies on birefringence .

’ ihterference effects in an undyed liquid crystal, and was first
demonstrated by T.J.Scheffer and J. Nehring (1985)rin J. Appl. Phys.,
58, pages 3022-3031.  Like the twisted nematic display, these
supertwist birefringence effect (SBE) diSp]ays require two po]ariseps;r,,

~ and so have an tnherentTy dull appearance, tending to be rather darker

~ than the'twisted nematic LCD. ~ In one method of operation of a ,
conventional SBE display, the selected or switched segments appear :
dark aga1nstra bright background. The colour of the background,
typically green or-yellow, is determ1ned by the display construction.

A f]uoresceht,LCD has recently been disclosed by Van‘Ewyk,etfﬁ
al in an article “Anistropic fluorophors for liquid crystal displays"-
in Displays,70ctober 1986, pages 155-160. This display combines the .- .
yisual attributes of emissive displays with the desirable electrical
- characteristics of 1iquid crysta] technology. The device described;
©is.a guest -host nematic (Hel]nEler>type) display containing an
'77 anisotropic fluorescent dye, part1cu]ar1y a perylene diester. - The -

- fluorescence may be excited either directly by 1ight absorbed by the
“dye, or ihdirect]y by 1ight which is absorbed in the ]iduid crystal
host and the energy of which is subsequently transferred to the dye.
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By virtue of the anisotropy of the fluorescence, liquid crystal
segments can be switched on or off by the guest-host effect in the
liquid crystal. Van Ewyk et al preferred the indirect excitation
process for a back-1it disp]ay, using ultraviolet 1ight, since this

- gave dark segments on a green background, whereas a directly-excited
display had an unacceptable (blue on green) colour contrast. The

-~ indirectly-excited disb]ay possesses a hemispherical viewing angle, is
uniformly bright, has good contrast and is driven by Tow (1-2v)
voltages. Moreover, the dispiayed information is not washed out (as
itris in other emissive displays) in high ambient light levels.

An object of the present invention is to provide an improved
supertwist 1iquid crystal display.

According to the invention there is provided a Tiquid crystal
display comprising a body of a nematic liquid crystal host material
which contains a pleochroic fluorescent dye and which is supertwisted;
and wherein.paraneters of the display are selected such that the
display has & transmission wavelength spectrum which encompasses the
emission spectrum of the fluorescent dye.

An embodiment of the invention will now be described, by way
of example, with reference to the accompanying drawing, which shows a
partly-exploded schematic cross section through a liquid crystal cell
in accordance with the invention.

The cell comprises a body 1 of liquid crystal material
contained between glass plates 2 and 3, spaced apart by, for example,
6.5 um. . The inner surface of each plate is provided with a
respective'thin transparent electrically conductive layer 4, 5 formed
of, for example, indium tin oxide. Each conductive layer is
patterned to provide a desired electrode configuration.  On each
plate is deposited a respective thin surface alignment layer 6, 7
which acts to produce a tilted alignment of the liquid crystal. ~Such
a layer may comprise a rubbed polyimide. Laminated on the outer
surface of each plate 2, 3 is a respective polarising film 8, 9 of
high efficiency and brightness, the films being suitably orientated so
that the transmission wavelength spectrum of the display encompasses
the'emission spectrum of the fluorescent dye and so that the display
has a high contrast ratio. On the outer surface of the film 9 is a
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transf]ect1ve Tayer 10, and located thereover is an electro]ummescen+
panel 11 for back1ighting the ceT] via the layer 10. The
‘electroluminescent panel 11 may proy1de,green 1ight, with a peak
- output at 500nm. S -
The body 1 of 11qu1d cnysta] mater1a1 comprises a 11qu1d
,crysta] mixture designated 14954, supplied by BDH Ltd., to which are
added a sufficient quantity of an anisotropic pTeochrolc,f]uorescent
dye to obtain adequate fluorescence without reaching a squbility
limit, for example 1% by weight of di(4-pentyl bicyclo [2.2.2]
“oct-1-y1) perylene dicarboxylate, together with a suff1c1ent quant1ty
of a compound designated CB15, supplied by BDH Ltd., to give a helical:
p1tch of approximately 11.6 pm. ' '
‘In a backlit mode, the display operates in transmission and
-the Tlight from the panel 11 also excites the fluorescent dye inm the
Tiquid crystal. In high ambient light levels, the display operates -
in a reflective mode and the fluorescence is excited by ambient blue
or ultraviolet Tight. Becéuse the absorption and the f]uorescence?
~of the dye are anisotrop{c, sWitched segments appear dark. In
unswitched reg1ons of the d1sp]ay, however, the fluorescence is
 excited and gives a bright background to the d1sp]ay. The paraneters ,f
of ‘the display are chosen soch that its transmission spectrum matches.
the emission spectrum of the f]uorophor. , L1ght which would be
~absorbed in a conventional d1sp1ay designed according to the prior art
is, in the present 1nvent1on, used- to ‘excite the fluorescence. '
Hence, the effect of the. f]uorophor is to improve the br1ghtness and -
visual appeal of the. d1sp1ay.

7 In an alternative embodimenf (not shown) the d1sp]ay may be
constructed to ooerate,in the Heilmeier mode. In that case,
approximately 1% of the above-mentioned dye is added to a nematic
liquid crystal having a high birefringence, such as the materials E7
or E63 which are available from BDH Ltd., doped'with'the required

 amount of the compound CB15. The display then requirés a single :
| polariser on its front surface and operates by 1nd1rect exc1tat1on of.
E the f]uorescent dye by an u]trav1olet back]1ght , '
In another embodiment, which operates in the Wh1te-Tay]or |
mode, a 1owob1refr1ngence host, such as a mixture of cyclohexyl
' cyc1ohexané compoUndS,‘to which may be added a small amount of
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4-n-penty]l 4"-cyanoterphenyl to promote energy transfer, is used, In
this case, no polariser is required and the display may be front or
back-1it .by ultraviolet light.

In the latter alternative embodiments, the need to provide
ultraviolet light for excitation precludes use of the display in a
battery-operated equipment, such as a portable personal computer, but
it may, of course be used in any suitable mains-powered configuration.

It will be appreciated that any of the embodiments described
above could be operated with the fluorescence excited either directly
or indirectly (or both) depending on the particular application.

- Inall cases,rthe display parameters, such as the cell
thickness, the surface tilt and the liquid crystal properties, are
chosen so that the transmission wavelength spectrum of the display
encompasses the absorption and emission spectrum of the fluorescent
dye. - The parameters will be optimised, as will be apparent to those

- skilled in the art.’ '

Although in the above-described embodiments a green
f1uorophor is emp]oyed, the display could equally well be constructed
with any other suitable dye.

The present invention enables the desirable features of an

" SBE display to be combined with the visual impact of an emissive
display by incorporating a fluorescent dye in the liquid crystal.
Because the display incorporates supertwist 1iquid crystal devices, a

“high degree of mltiplexing is possible.
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 CLAIMS

1. A Tiquid crystal display, comprising a body (1) of a nematic
1iquid,trysta1 host material which contains an anisotropic pleochroic
fluorescent dye and which is supertwisted; and wherein parameters of
the display are se]ected such that the display has a transmission
rwave1ength spectrum wh1ch enconpasses the emission spectrum of the

- fluorescent dye. o ,

2. - A 11qu1d crystal d1sp1ay as c1a1med in Claim 1, wherein the -
fluorescent dye is caused to fluoresce by impingement of light
,d]rectly thereon. : :

3. A liquid crystal d1sp1ay as claimed in Claim 1, wherein the -
fluorescent dye is caused to fluoresce by impingement of ]Ight on the -
1iquid crysta]lhost material. :
4. A liquid crysta1 display as c1aimed'in,C1aim 2 or Claim 3,

wherein the Tight is'received from the viewing side of the display.
5. A Tiquid crystal display as claimed in Claim 2 or Claim 3,

, where1n the 11ght is rece1ved from the side of the d1sp1ay opposite to .
" the v1ew1ng side.

6. A T1iquid crystal d1sp]ay as claimed in any one of: C]a1ms 3-5,
~ wherein the light is ultraviolet light.
7. A liquid crystal display as claimed in Claim 5, 1nc1ud1ng an -

e]ectrolumlnescent panel (11) attached to said opposite side of the
display for producing the 11ght. ,

8. ' A Tiquid crystal display as claimed in any preceding claim,
wherein the dye is di(4-pentyl bicyclo [2.2.2] oct -1-y1) perylene-3, 9
or 10-dicarboxylate. - .
9. a liquid crystal display as claimed in any preceding claim, -
wherein the twist of the liquid crystal host material is in the rangef

120-360°.

10. '_ A liquid crysta] display as claimed in any precedlng claim,
'compris1ng a pair of spaced-apart glass (2,3) between which the body -
(1) of liquid Crysta] host material is contained; a layer (4,5) of

&



WO 89/00712 , PCT/GB88/00585

patterned, electrically-conductive material on the inner surface of
each glass plate; and an unpatterned surface alignment layer (6,7)
over the conductiVe material layer.

11, A Tiquid crystal display, comprising a body of a high
birefringence nematic 1iquid crystal host material which contains &n
anisotropic pleochroic fluorescent dye and which is supertwisted; and
polarising means at a viewing side of the display; the display being
‘operative in response to ultraviolet 1ight impinging thereon from the
side opposite to the polarising means. '

12. A 1iquid crystal display, comprising a body of Tow
birefringence nematic liquid crystal host material which contains an
anisotropic pleochroic fluorescent dye and which is supertwisted; the
display being operative in response to ultraviolet light and/or
ambient 1ight, suitable to excite the dye fluorescence, impinging
thereon.
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