
REFLECTIVE ACTIVE MATRIX LIQUID CRYSTAL 

DISPLAYS WITH ML""{ED TWISTED NEiVIATIC 

AND BIREFRINGENT MODES 

The invention relates to a reflective active matrix liquid crystal display mixed 

with mixed twisted nematic and birefringent modes. 

FIELD OF THE INVENTION 

The present pacem de:!ls wich reflectiv.~ mode liquid crystal displays chat combir 

the wave21Jitiing effect and che birefrinszenc effects of twisted nematic iicrnici Civstals - - - . . . 

By optimizing the various opcical arrangements of the liquid crystal d~splay such as 

the tWist angle, the rerardacion and the polarizer angle, a s~ries of mixed twisted 

nematic - birefnn~em (i'YITB) _display mode.s has been invented. 

There has previously been considerable activity in the study of reflective 

liquid crystal displays (RLCD). Broadly speaking RLCD can be divided into 2 

categories: ~ose . 

chat do not rely on polarizers and chose that do. Examples of the former are reflecti':e 

cholesteric displays and absorptive guest-:host displays ·.The latter categories are 

necessarily nematic liquid crystal displays. These _are aisplays that are based on 

polarization manipulation, as in ordinary twisted nematic LCDs. However, unlike 

ordinary LCD, there is on!y one front pofarizer and the rear polarizer is eliminated". . . 

- : The main applications for such RLCDs are in direct view displays ~it~ no 

backlighting· , and in projection displays using crystalline silicon backplane with 

integrated CMOS drivers ··• or in reflective liquid crystal light valves (LCL V) in 

general 

Reflective nematic LCD has been investigated. One of the successful inventions 

· is the so-called TN-ECB mode · . A variation ofthi's has been reported recently by · 

Wu et al. It has a 90° twist angle. There are many names given to display modes that 

operate on a combination of the waveguiding TN effect and the pure birefringent 

effect, e.g. the 45° hybrid-field-effect (HFE) mode , the 63° TN-ECB mode 

the 90° mixed TN~ mode ·: the sc:lf-compensated TN (SCTN) mode ind 

the 52° RTN mode . 
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A generalized picture of reflective twisted nematic LCD is disclosed herein that 

encompasses all of these mixed mode displays;· and provide a method of optimizing 

them all at the same time. Manv new ooeratimz conditions can be found that have not . . . .. -
been reported and are the subject of the present i.nvencion. 

These reflective liqui~ crystal displays can be fabricated on passive matrix or 

active matrix backplanes. The active matrix backplane can·b·~ fabricated on glass or 

on silicon wafers. 

SUL\'I.i"YIARY o:r· THE INVENTION 

As shown in Fig. I, the reflective nematic LCD consists of a polarizer, a twisted 

nematic liquid crystal cell, and a reflector, which can be part of a circuit in an active 

matrix device. The polarizer can either be a sheet type polarizer or a polarizing beam 

sp!itter as shown. In this invention. the PBS case is genera11y described as it is the 

most popular geometry for silicon microdisplays. 

As discuss,ed in the paper by H. S. Kwok. ["Parameter space representation of 

liquid crystal display operating modes," I. Appl. Phys. , 80(7), 3687-3693 (1996)], all 

nematic RLCD modes can be represented in the parameter space diagram 

The parameter space in the case of twisted nematic RLCD is particularly useful, as it 

shows the relationship between the TN-ECB, MTN, SCTN and ECB modes. The 

reflectance R of the RLCD is a function of 3 major parameters: twist angle cp, 
polarizer angle a. between the polarizer and the input director of the LC cell, and the 

LC cell retardation d6n where d is the cell thickness. The wavelength A. always 

appears together with the retardation as d~n/A. in the Jones matrix. Therefore it can be 

treated as just a scaling of d8n. Hence, if one of the 3. parameters (a., <!>. dan) is fixed, 

R can be plotted as a ·function of the other two parameters in a 2D parameter space 

using contour lines. 

Figure 2 shows a series of parameter spaces for the RI.CD, with a. varying from 

0 to 45°. A wavelength of 550nm is assumed in the calculations. The contours indicate 

constant reflectance in steps ofO.l. The wells in Fig. 2 are the so-called TN-ECB · 

minima. The center of the well torresponds to either maximum reflectance for crossed ··- . 
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polarizers or minimum reflectance for parallel polarizers. For example, with a 

polarizing beam splitter (PBS) in the display, (a., <f>, d~n) = (0, 63.5°, 0:18µm) wiil 

give R = 1. This corresponds to the first TN-ECB minimum. It is marked. in Fig. 2 

The SCTN mode and the MTN mode are also indicated in Fig._ 2 ror the appropriate 

CL 

Polarizer angles larger than 45° are not depicted in Fig. 2. It is because that 

beyond 45°, the parameter space repeats itself, except for a reflection of the x-axis, i.e. 

the parameter space for a.= 90°-a is the same as the one for a.. with 4> changed to -qi. 

From Fig.· 2, 1t can be seen that there are 2 sets of operating modes for reflective LCD. 

One set of modes are the "in-well" kind which correspond to the islands in the 

parameter space, such as the TN-ECB, lvITN, SCTN modes. The other set of modes 

are the "out-weH" modes which are located outside the TN-ECB wells, such as the 

RTN, RSTN and HFE modes. 

The "in-well" modes are disclosed herein. It can be seen in Fig. 2 that the various 

TN-ECB minima move systematically in the parameter so~c;e as CL is changed. Iii -

particular, the first TN-ECB mode with+~ is examined. It can be seen that this mode 

becomes the IYITN mode at~ = 90°, CL = '.!2°, then it becomes the SCTN mode at~ = 

60°, a.= 30°. Finaliy, this·first TN-ECB minimum becomes the true ECB mode at~= 

0° and CL = 45°. 

The situation is clearly shown by a plot of the trajectory of the center of the first 

TN-ECB minimum for the +t/> case as shown in Fig. 3. In this plot, a. goes· from 0 to 

45" in steps of 5°. It can be seen the first TN-ECB minimum first moves out and then 

towards the y-axis. The retardati-)n increases monotonically as CL increases. The 

maximum twist angle reaches 70.2° at a polarizer angle of 15°. Fig. 4 is a similar plot 

of the 0. 9 reflectance contours for a. ranging from 0 to 90°, again in steps of 5°. This 

plot is different from Fig. 3 because we also include CL from 45° to 90°. As can be seen 

from Fig. 4, as a. goes from 45° to 90°, the originally -4> TN-ECB minimum move~ 
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into the positive $ side, thus forming a complete loop in the parameter space. This is 

more easily seen in a parameter space showing both positive and negative twists (Fig. 

5).) Notice that the parameter space for a. and a.+90" are identical so that a complete 

trajectory is formed in Fig. 5 as a. goes from 0 ro 90°. Fig. 3 inciicates that for twist 

angles from -70° to+ 70°, there ahvays exists 2 firsi: order Ti'i-ECB minima at 

different polarizer angles, one with a smaller d.D.n value and one with a higher d.D.n 

value. 

The operating points of the ~ITN mode, the TN-ECB mode and the SCTN mode 

are also indicated in Fig. 4. Thus Fig. 4 unifies the entire picture for the TN-ECB, the 

MTN and the SCTN modes. They all operate with a combination of polarization 

rotation (TN) and birefringence (ECB) effects _They differ by a rotation of the 

polarizer relative to the input director, or, in other words, by the proportion of TN to 

ECB effects. Therefore, it should be possible to perform an optimization of these 

modes in a general sense, allcwing for variations of all 3 parameters simultaneously. 

The nomenclature of these nematic reflective LCDs will now be defined. Since 
- -

all of these modes operate with a combination of TN effe~t ~nd ECB effect, they can 
. -

be called a hybrid mode or a mixed mode. They have been called TN-ECB, iYITN, · , 

SCTN or HFE fn the literature. Instead of calling them the TN-ECB/MTN/HFE mode, 

such LCD operating modes are hereinafter referred to as the generalized mixed TN­

birefringence mode, or MTB mode in short. 

In the optimization of the iYITB mode, it can be assumed that high reflectance is 

desirable. If the desired reflectance or light efficiency is sec to be 0~9. then the 

solution will be bound by the 0.9 reflectance contours depicted in Fig. 3. This Iirnics 

the parameter space tremendously. Alternately, if the desired reflectance is set to be 

0. 7, then the solution space opens up even larger, and includes twist angles up to 100"_. 

The 0. 7 reflectance contour is plotted in Figs. 4-21 for polarizer angles in increasing 

step of 5°. This represents all the possibilities for the tvITB mode. It is noted that all 

the previously reported modes are represented in Fig. 4-21. For example, the 90° 

MIN mode ofWu et al is included in Fig. 8. The SCTN mode of Yang· 1s 

included in Fig. I 0. 
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Fig. 22 is a composite of all the R = 0. 7 contours in Figs. 4-2 l. It is seen that 

there are always 2 distinct l\·ITB modes.for <Pless than 70°. Usually the solution with 

smaller d6n is less wavelength dispersive than the larger d6n one. However, a large 

dt'.ln is desirable from a cell making poinc of view. 

Table I shows the normal operating brightness of the RLCD under various 

polarizer geometries and using different "in-well" and "out-well" modes. It can be 

seen that normally white(NW) and normally black (NB) operations can be achieved in 

both cases, depending on the polarizer geometry. The choice of polarizers has a 

prl)found effect on the optimization of the RLCD. In order to 'have excellent contrast, 

the dark state should be made as dark as possible. This is convenientlv satisfied bv the . . . 
homeotropic alignment of the LC under high voltage bias where Mn = 0 (the x-axis 

in Fig. 2). This homeotropic state is nondispersive and should be used as the dark 

state whenever possible. For the MTB modes, which correspond to the centre of the 

wells in Fig.~I, the homeotropic state can be used as the dark state if a PBS is used. 

The display will then be normally bright. 

However, i( a parallel polarizer geometry is used, the high voltage homeotropic 

state is the bright state and the MTB wells become the dark state. That is undesirable 

since the MTB wells are dispersive and cannot be made very dark. Hence the contrast 

will be poor. So for direct view using MTB operation, a quarterwave retardation film 

has to be used to reverse the bright and dark states. Another solution is to make use of 

the "out-well" modes such as the RTN and HFE modes as the bright state. In the case 

of the RTN, the dark state can be made reasonable dark by further optimization of the 

polarizer angle 

Table II summarizes some of the new MTB modes provided using the 

parameter space method. These modes have reasonably good reflectance and low 

dispersion. All of them have not been presented before. 
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BRIEF DESCRIPTION OF THE-DR.\ WINGS 

Fig. 1 Geometry of the reflective liquid crystal display. 

Fig. 2 Parameter spaces for the NITB mode at different polarizer angles. 

Fig. 3 Trajectory of the peak of the MTB mode as a. is changed from 0 to 45°. Each 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 

Fig. 8 

Fig. 9 

point represents an increase of 5° in a.. 

Reflectance = 0. 7 contour line of the }vITB mode for a polarizer angle of 0° or 

90°. 

Reflectance = 0. 7 contour line of the w!TB mode for a polarizer angle of 5° or 

95°. 

Reflectance = 0. 7 contour line of the tv!TB mode for a polarizer angle of I 0° or 

100° . 

Reflectance= 0.7 contour line of the MTB mode for a polarizer angle of 15° or 

105°. 

Reflectance= 0. 7 contour line of the MTB mode for a polarizer angle of 20° or 

110°. 

Reflectance= 0.7 contour line of the MTB mode for a polarizer angle of25° or 

115°. 

Fig. 10 Reflectance= 0. 7 contour line of the MTB mode for a polarizer angle of 30° or 

120°. 

Fig. 11 Reflectance= 0.7 contour line of the MTB mode for a polarizer angle of35° or 

125°. 
. 

Fig. 12Reflectance = 0.7 contour line of the MTB mode for a polarizer angle of 40° or 

130°. 
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Fig. 13 Reflectance= 0. 7 contour line of the MTB mode for a polarizer angle of 45° or 

135°. 

Fisz. 14 Reflectance= 0. i contour line of the MTB mode for a polarizer angle of 50° or 

140°. 

Fig. 15 Reflectance = 0. 7 contour line of the MTB mode fur a polarizer angle E>f 5 5° or 

145°. 

Fig. 16 Reflectance = 0. 7 contour line of the ~.;[TB mode for a polarizer angle of 60° or 

150°. 

Fig. 17 Reflectance = 0. 7 contour line of the lvITB mode for a polarizer angle of 65<> or 

155°. 

Fig. I 8 Reflectance= 0. 7 contour line of the NITB ·mode for a polarizer angle of 70° or 

160°. 

Fig. 19 Reflectance = 0. 7 contour line of the MTB mode for a polarizer angle of 75° o:-

1650. 

Fig. 20 Reflectance= 0. 7 contour line of the IvITB mode for a polarizer angle of 80° or 

170°. 

Fig. 21Reflectance=0.7 contour line of the MTB mode for a polarizer angle of 85° or, 

175°. 

Fig. 22 Reflectance= 0. 7 contours for polarizer angles ranging from 0 to 90°. 

Fig. 23 Reflectance dispersion curves for a few MTB modes. 

Fig. 24Measured (normalized) reflectance vs wavelength for the (70°, 30°, 0.3 Iµm) 

display. 

Fig. 25 Measured (normalized) reflectance vs voltage for the (70°, 3 0°, 0 .3 lpm) 

display. 
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DETAILED DESCRIPTION -

The operation of the reflective LCD is completely determined by the twist angle 

~. the retardation value d'1.n of the LC cell and the angle bet•veen the polarizer axis 

and the input director of the LC cell CL. Figs. 4-21 represents the 0. 7 reflectance 

contours of all the possible (a.,~. d~n) combinations. Thes~ are defined as the i'vJTB 

modes •. 

Here we describe details of the method to obtain the constant reflectance 

contour fines as depicted in Figs. 2-21. The reflectance R is calculated by the equation 

1 (cos a) 2 

R = (-sin a cosa)•H •M(¢)·H- • M(-<P)• . 
sma 

·· ·, where H is the rotation matrix 

H·= [ cos¢ sin¢] 
-sin¢ cos¢ 

(1) 

(2) 

with <I> as the twist angle of the liquid crystal cell and CL as the polarizer angle between 

the polarizer and the input director of the liquid erystal cell. M is the Jones matrix of 

the liquid crystal cell given by 

where 

M= (A-iB -C-iDJ 
C-iD A+iB 

a 
A = cos ~ cos ~d + p sin cl> sin f3d 

ka 
B = {i cos ~ sin ~ 

C = sin <I> cos ~d - ; cos if> sin ~d 

ka • • f3d 
D= p.sm~ sm. 
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In eq. (4)-(7), q = 2'it/p, where pis the pitch of the LC cell; and 

(8) 

For a twisted nematic cell, the pitch is related to <!> by 

qd=~ (9) 

·Also (10) 

where 6n = n. - no (11) 

is the birefringence of the liquid crystals. 

The R=O. 7 contour lines in Figs. 4-21 are obtained by setting R=0.7 in equation 

(I). . 

Table II shows the optical properties of some of the ne\v MTB modes obtained 

from the above procedure. It can be seen from Table II that for each twist angle, many 

combinations of Mn and a. are possible to get a good contrast ratio. Also, not quite 

evident from Table U is the effect of changing a. on the dispersion characteristics of 

the lvITB cell. It is observed that for twist angles smaller than 70°, both the bright and 

the dark states become more dispersive, and also the colour coordinates of the display 

shifts as the voltage is varied. So they are not quite desirable. 

It should be emphasized that Table II is by no means an exhaustive list of all the 

optimal MTB operating conditions. As a matter of fact, there are an infinite number of 

combinations of conditions as shown in Figs. 3-5 for the lv!TB mode. IF one were to 

sacrifice the peak reflectance, the solution space for the .lv!TB will open up even 

wider, leading to more possibilities. 
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Fi!?. 23 shows the wavelen!Zth deoendent reflectance of both the on and off states - - . 
for some of the iYITB modes inve:ited here. These modes are selected because they 

. . . 
have either (1) low wavelength dispersion, or (2) high contrast upon application of a 

voltage, or (3) reasonably large cell gaps so that manufacturing is possible. The values 

of (a., q,, d~n) for the curves are, from the top, (26°, 43°, 0.35µm), (30°, 50", 0.35µm), 

(34°, 54°, 0.35µm), (40°, 63°, 0.35µm) respectively. 

To verify the theoretical simulations, sample cells were made and tested. A 

sample cell was made with cell parameters of (30°, 70°, 0.3 Iµm). Liquid crystal 

model number ZLI-1695 from E. Merck with a low 6n of0.0625 was used in order to 

increase the cell gap. The experimental cell gap was 5 µm, giving a d!ln of0.3175µm, 

which is quite· close to the targeted design value. Standard rubbed polyimide films 

were used to aligned the LC molecules to form the 70° twist cell. The accuracy of the 
-

twist angle is better than I 0 due to the equipment used. The LC cell has indium-tin- .. 

oxide as the transparent electrodes on one side and aluminum coated glass as the 

reflective electrode on the other side. 

Fig. 24 shows the experimental reflectance-voltage curve of this new MTB mode 

under white light illumination. From this figure, we can find that there is a good dark 

state at 3.6V. There is also a slight increase in the reflectance at I.2V. The operation 

voitage for the dark state is only 2.5V which is well suitable for CMOS A.:.\!LCD 

applications3
. 

Fig. 25 show~. the experir.1ental reflectance vs wavelength of this MTB mode. 

The vertical scale is normalized to the peak value. It can be seen that at long 

wavelengths, the reflectance agrees with the theoretical simulation quite \vell. At short 

wavelengths, however, there is some deviation from the theory. This is because the 

PBS used in the experiment has poor optical characteristics in this wavelength range. 

Another reason is that the cell thickness was not exactly 5 µm. The actual cell 

thickness was measured to be about 5.2 µm. So its reald611 was about 0.325~tm. 
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In addicion to the low operacing voltage. t~e 5 µm cell gap is also a comfon:able 

vaJue for cell fabrication. fa panicular. it is suitable for crys~alline silicon based 

C~·lOS LCD. The uniformity requiremenc shoulc also be easy to satisfy for such large 

cell gaps. Further experiments will focus on the ce!I thickness of about 4.5 µra. We 

believe that this smaller cell 2ao will further lower the cell color riisuersion anci - . . 
operating voltage. 

Table I. Normal states of various combinations 

11--11 polarizers (sheet type) 11-L polarizers (PBS) 

In-well modes (TN-ECB, MTB, MTN, Normally black I Normally white 
Figure 6SCTN) -

I .. -
Out-well modes (HFE, RTN, RSTN) Normally white .· Normally black 

Table II. Reflectance for several MTB modes. 

Twist angle l Polarizer angle I d6n (µm) I Reflectance 
50° I 28° 0.35 l.0 
50° 35° I 

-
0.36 1.0 

50° 25° 0.35 0.94 . 
60° I 25° 032 1.0 
60° 35° 0.35 0.97 
60° 30° 0.34 I 1.0 

~. -
70° I 30c I 0.31 l.b 
70° 25° 0.30 I l.O 

70° I 36° I 0.34 I 0.95 
goo 30° I 0.3 0.9 
80° 20° 0.26 I 0.97 
80° 21° 0.28 1.0 
90° 25° 0.26 0.87 
90° 30° 0.3 0.83 
90° 20° 0.24 0.9 
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1. A single polariser reflective liquid crystal display device with an angle 

a between the polariser and the input director of the liquid crystal device, twist 

-angle~, retardation dlin, and characterised in that the values for a, ~and dAn 

satisfy the followin~ equation: 

0 7 < 1(-sina cosa)•H •M(t/J)•U-l •M(-¢)·(~osaJl2 (I) . 
· - · sma 

where H is the rotation matrix 

[ 
cosri sin m] H= . T 

-sin¢ cos¢ 

~vhere M is.the Jones matrix of the liquid crystal cell given· by 

-~ ·. 

wbe;e 

(
A-iB 

M= 
C-iD 

-C-iD) 

A+iB) 

A =.cos lb cos 11ci + !l.. sin d> sin pr-ld 
• J.J /3 . 

Kc 
B = -;; cos <i> sin j3 

p 

C - s= • " • q . . "' . - ,n ~ cos pa - /3 cos <i> sm pa 

Kc 
D = p sin <i> sin !)d 

Li eq. (4)-(7), ~q = J.rJp: where pis the picch of th~ LC .. cel~ and. 
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and the pitch is related to ~ by 
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qd =<i> (9) 
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A!so ~ = clnf}. llUU/li (10) 
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where t.n = nc - rlo ( l l) 

2. A single polarizer liquid crystal display device according to Claim l, 

characterised by an angle of 0±2° or 90±2° between the polarizer and the input 

director of the liquid crystal cell, and by a twist angle cp and retardation dtm 

given by values bounded by R=O. 7 contour lines. 

3. A single polarizer liquid crystal display according to Claim l, 

characterised by an angle of 5±2° or 95±2° betWeen the polarizer and the input 

director of the liquid crystal celi, and by a twist angle cp and retardation d6.n 

given by values bounded by R=O. 7 contour lines. 

4. A single polarizer liquid crystal display device according to Claim 1<,·. , 

characterised by an angle of 10±2° or 100±2° between the polarizer and the 

input director of the liquid crystal cell, and by a twist angle cp and retardation 

d~ given by values bounded by R=0.7 contour lines. 

5. A 3ingle polarizer liquid crystal display device according to Claim 1, 

characterised by an angle of 15±2° or 105±2° between the polarizer and the 

input director of the liquid crystal cell, and by a twist angle cp and retardation 

~given by values bounded by the R=0.7 contour lines. 
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6. A single polarizer liquid crystal display device according to Claim 1, 

characterised by an angle of 20+2° or 110±2° between the polarizer and the 

input director of the liquid crystal cell, and by a twist angle <I> and retardation 

d~n given by values bounded by R=0.7 contour lines. 

7. A single polarizer liquid crystal display device according to Claim 2, 

characterised by an angle of 25±2° or 115±2"' between the polarizer and the 

input director of the liquid crystal cell, and by a twist angle <I> and retardation 

d~ given by values bounded by R=0.7 contour lines. 

8. A single polarizer liquid crystal display device according to Claim 1, 

,_,, characterised by an angle of 30±2° or 120±2° between the polarizer and the 

input director of the liquid crystal cell, and by a twist angle ~ and retardation 

cL1n given by values bounded by R=O. 7 contour lines. 

9. A single polarizer liquid crystal display device according to Claim 1, 

characterised by an angle of 35x2412° or 125±2° between the polarizer and the 

input director of the liquid crystal cell, and· by a twist angle ~ and retardation 

d~ given by values bounded by R=0.7 contour lines. 

10. A single polarizer liquid crystal display device according to Claim 1, 

characterised by an angle of 40±2° or 130±2° between the polarizer and the 

input director of the liquid crystal cell, and by a twist angle <f> and retardation 

d~ given by values bounded by R=0.7 contour lines. 

11. A single polarizer liquid crystal display device according to Claim 1, 

characterised by an angle of 45±2° or 135±2° between the polarizer and.the 

input director of the liquid crystal cell, and by a twist angle <I> and retardation 
. . 

dl\n given by values bounded by R=0.7 contour lines. 
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12. A single polarizer liquid crysta! display device according to Claim 1, 

characterised by an a,ngle of 50±2° or 140±2° between the polarizer and the 

input director of the liquid crystal cell, and by a twist angle ~ and retardation 

d6.n given by values bounded by R=O. 7 contour lines. 

13. A single polarizer liquid crystal display device according to Claim l, 

characterised by an· riIJ.gle of 55±2° or 145±2° between the polarizer and the 

input director of the liquid crystal cell, and by a twist angle ~ and retardation 

d.6.n given by values bounded by R=0.7 contour lines. 

14. A single polarizer liquid crystal display device according to Claim 1, 

•:, , characterised by an angle of 60±2° or 150±2° between the polarizer and the 

input director of the liquid crystal cell, and by a twist angle ~ and retardation 

d6.n given by values bounded by R=0.7 contour lines. 

15. A single polarizer liquid crystal display device according to Claim 1, 

characterised by an angle of 65±2° or 155±2° between the polarizer and the 

input director of the liquid crystal cell, and· by a twist angle ~ and retardation 

d6.n given by values bounded by R=0.7 contour lines. 

16. A single polarizer liquid crystal display device according to Claim 1, 

characterised by an angle of 70± or 160±2° between the polarizer and the input 

director of the liquid crystal cell, and by a twist angle ~ and retardation d.6.n 

given by values bounded by R=0.7 contour lines. 

17. A single polarizer liquid crystal display device according to Claim 1, 

characterised by an angle of 75±2° or 165±2° between the polarizer and the 

input director of the liquid crystal cell, and by a twist angle <f> and retardation 

d~n given by values bounded by R=0.7 contour lines. 
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18. A single polarizer liquid crystal. display device according to Claim 1, 

characterised by an angle of 80±2° or 170±2° between the polarizer and the 

input director of the liquid crystal cell, and by a twist angle <I> and retardation 

d.6n given by values bounded by R=O. 7 contour lines. 

19. A single polarizer liquid crystal display device according to Claim 1, 

characterised by an angle of 85±2° or 175±2° between the polarizer and the 

input director of the liquid crystal cell, and by a twist angle ~ and retardation 

d.611 given by values bounded by R=0.7 contour lines. 

20. A single crystal polarizer liquid crystal display device, according to any 

-, .. , preceding claim, characterised by indium-tin oxide as transparent electrode and 

aluminium coated glass as reflective electrode. 

21. A single crystal polarize~ liquid crystal display device according to Claim 

20, characterised by comprising a 70° twist cell. 
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