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A Bistable Twisted Nematic Mode for a Reflective 
Liquid Crystal Display with One Polarizer 

YOUNG JIN KIM*, CHANG-JAE YU and SIN-DO0 LEE 

School of Electrical Engineering, Seoul National University, I! 0. Box 34, 
Kwanak, Seoul 151-742, Korea 

A bistable twisted nematic (BTN) mode for a reflective liquid crystal display with one polar- 
izer is proposed. In this configuration, an excellent bistable switching between the bright and 
the dark states can be achieved in a driving scheme with the data signal in addition to the 
reset and the selection voltages. Three types of BTN cells in a reflective configuration are 
studied to evaluate their electro-optic (EO) characteristics. The reflective BTN cell with a 
retardation film whose optic axis is perpendicular to the rubbing direction is found to be the 
best one among the three cells. 

Keywords: bistable twisted nematic; reflective display; retardation film 

INTRODUCTION 

Since the main concept of the bistable twisted nematic (BTN) structure 
was proposed a dectide agoi'l, it has been recently demonstrated that an 
electro-optic (EO) device can be constructed in a BTN structure for prac- 
tical applicationsi']. In the BTN structure, an EO switching between two 
metastable states is achieved. The BTN structure can be produced using 
a proper ratio of the cell thickness d to the natural pitch p in a homoge- 
neously aligned geometry. The degree of twist is governed by d as well 
as the amount of a chiral dopant which dictates p .  When a relatively high 
electric field is initially applied and then switched off, a field-driven state 
becomes relaxed into one of two possible states which has the twist angle 

* Present address: Department of Physics, Electrical Engineering, and Intercollege Materi- 
als Research Laboratory, The Pennsylvania State University. University Park, PA 16802, 
USA. 
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FIGURE 1 
reflective configuration. 

The structure of a bistable twisted nematic mode in a 

of either cf, - ?r or cf, + T.  The switching between the bright and the dark 
states is then obtained in a proper driving scheme. The EO properties 
of such BTN structure have been systematically studied as a function of 
the cell parameters13] and temperat~rel~l. Most of BTN-based displays re- 
ported are operated in the transmissive mode. 

We propose here a reflective type of a BTN display which comprises 
one polarizer and one optical retardation film. The BTN mode studied 
in a reflective configuration is shown in Fig. 1. A metal electrode was 
prepared on the inner side of the lower substrate to reduce parallax due to 
the thickness of the glass substrateI5-'I. An optically uniaxial retardation 
film attached on the upper substrate compensates the phase retardation 
experienced through the LC layer. The role of the retardation film is to 
transform a quarter-wave of the incident light into a half-wave for fhe re- 
flected light from the mirror in the BTN cell. Thus, the retardation film 
enhances the contrast between the bright and the dark states of the BTN 
cell in the reflective configuration. 
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FIGURE 2 The driving voltage waveform for the BTN cell in the  reflec- 
tive configuration. V, and V ,  stand for the reset and selection voltages, 
respectively. The data  voltage Vd is introduced for practical applications. 

EXPERIMENTAL 

Three different types of the BTN cells were studied in a reflective configu- 
ration. The BTN cells were made using indium-tin-oxide (ITO) and metal 
coated glass substrates. The polyimide (PI) of SE3140 (Nissan Chemical 
Co.) was coated on both the IT0 substrate and the metal electrode so 
as t o  promote planar alignment. The rubbing axes on the PI layers were 
antiparallel to  produce stable 0-twisted and 2lr-twisted states. The  cell 
thickness was maintained by glass spacers of 2 pm. A chiral dopant was 
introduced into LC, and the doping concentration was adjusted to  give 
d / p  = 0.62. The LC and the chiral dopant used were ZLI-3700-100 (the 
birefringence Arr=0.098 and the dielectric anisotropy A5 = 5.4) and S-811 
of E. RIerck, respectively. A polarizer was oriented to make an angle of 

45" with respect to the rubbing direction. One BTN cell has no retar- 
dation film, and the other two cells have a retardation film whose phase 
retardation is 140 nm. The optic axis of the retardation film attached to  
the cell is either parallel or perpendicular to  the rubbing direction. 
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The three BTN cells were operated using the driving voltage wave- 
form shown in Fig. 2. The driving waveform consists of the reset, the 
selection, and the data signals. The widths of the reset and the selection 
signals are 2 msec and 1 msec, respectively. A reset voltage V ,  above 
the Fredericks threshold ', was initially applied to orient the LC molecules 
along the direction perpendicular to the cell surface, and a selection volt- 
age V,  was subsequently applied to the cell. With a proper combination of 
the two voltage signals, the initial n-twisted state can be transformed into 
the 0- or the 2a-twisted state. The magnitude of the selection voltage will 
determine which of the two states is favored. For example, the @twisted 
state will be produced under a relatively high selection voltage. A series 
of the data signals, Vd, that follow sequentially the reset and the selection 
voltages are introduced for practical applications. The magnitude of the 
reset voltage was fixed as 40 V, and the frame frequency of the driving 
waveform was 50 Hz. The amplitude of the data signal was varied from 0 
V to 2 V in a step of 1 V. A He-Ne laser of 543.5 nm was used as a light 
source, and the reflected light intensity was measured through each BTN 
cell. 

RESULTS AND DISCUSSION 

In Fig. 3, the EO characteristics of a reflective BTN cell with no retar- 
dation film is shown as a function of the selection voltage. In this cell, 
the 2n-twisted and the @twisted states correspond to the bright and the 
dark states, respectively. Since the 2lr-twisted state is optically isotropic, 
an excellent bright state can be achieved. However, in the @twisted state, 
there exists a leakage of light, resulting in low contrast, as shown in Fig. 
3. The smallest reflection occurs at Vd = 2 V in the range we studied. 
Noreover, the reflected light intensity strongly depends on the amplitude 
of the data signal. 

The critical value of the selection voltage at which one of two meta- 
stable states is favored decreases with increasing the data signal. For 
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FIGURE 3 The reflected light intensities in the BTN cell with no 
retardation film as a function of the selection voltage. Solid, dashed, and 
dotted lines represent Vd = 2 V, 1 V, and 0 V, respectively. 

practical applications, the data signal should be adjusted between the 
Fredericks threshold in the @twisted state and that  in the 2~-twisted 
state. In our case, the calculated Fredericks threshold in the 0-twisted 
state is about 1.74 V. Above the Fredericks threshold, the LC molecules 
tend to orient along the direction perpendicular to the surface. In an 
optimized driving scheme, the minimum reflection will be achieved under 
the coiidition that the phase retardation through the cell corresponds to  
a quarter-wave of the incident light. 

Figure 4 shows the EO characteristics of a reflective BTN cell with a 

retardation film whose optic axis is perpendicular to  the rubbing axis. The 
case that the optic axis of the retardation film is parallel to the rubbing 
axis is shown in Fig. 5. In contrast to the BTN cell with no retardation 
film, the 0-twisted and the 2r-tivisted states correspond to the bright and 
the dark states, respectively. Since the Fredericks threshold in the 27- 
twisted state is higher than the data  signal, the dark state becomes nearly 
independent of the data signal. The bright state, however, depends weakly 
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FIGURE 4 The reflected light intensities in the BTN cell with a retar- 
dation film of 140 nm whose optic axis is perpendicular to  the rubbing 
axis. Solid, dashed, and dotted lines represent & = 2 V, 1 V, and 0 V, 
respectively. 

on the data  signal because of the Fredericks-like molecular reorientation 
caused by the data signal. In general, the reflected light intensity through 
the BTN cell with a retardation is almost independent of the data  signal 
but the critical value of the selection voltage still depends on it. 

In a reflective BTN cell with a retardation film whose optic axis is par- 
allel to the rubbing direction, the EO characteristics exhibit rather strong 
dependence on the data signal. In this case, an extra phase retardation 
of 27r comes through the whole cell compared to  the above case because 
the optic axes of both the LC and the retardation film coincide. Under 
the assumption that a perfect 0-twisted state involves no twist at all, the 
phase retardations of 0 and 27r will produce the same optical effect. In the 
presence of the chiral dopant giving d / p  = 0.G2, however, the molecular 
director becomes twisted throughout the cell. In the O-twisted state of 
such BTN structure, the pitch is long enough to produce the waveguiding 
effect. This waveguiding effect produced in the O-twisted state is mainly 
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FIGURE 5 The reflected light intensities in the BTN cell with a retarda- 
tion film of 140 nm whose optic axis is parallel to the rubbing axis. Solid, 
dashed, and dotted lines represent Vd = 2 V, 1 V, and 0 V ,  respectively. 

responsible for the difference between the perpendicular and the parallel 
orientations of the retardation film. 

It may be then concluded that the reflective BTN cell with a retarda- 
tion film whose optic axis is perpendicular to the rubbing direction is the 
best one among the three cells we studied. Both the bright and the dark 
states were found to be quite insensitive to the data signal. In this case, 
a more flexible driving scheme will be adapted and a stable switching will 
be achieved. 

CONCLUDING REMARKS 

We have developed a reflective type LC display (LCD) in a BTN configu- 
ration with a mirror electrode and a single polarizer. In this configuration, 
an excellent EO switching between the bright and the dark states can be 
achieved in a driving scheme with the data signal in addition to the reset 
and the selection voltages. In an optimized reflective configuration with 
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a retardation film, the BTN cell will give high contrast and brightness. 
Noreover, the BTN structure is expected to provide better viewing and 
response characteristics than a conventional twisted nematic structure. 
Further studies on the driving scheme for the BTN structure will lead to 
the development of high performance reflective LCDs. 
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