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The hysteresis width of nematic liquid crystals (NLCs) on a polyimide (PI) surfaces without side
chains in nematic-cholesteric phase transition (NCPT) mode was investigated. The generated pretilt
angle of ZLI-1132 was almost the same as that of 4-n-pentyl-4’-cyanobiphenyl (5CB) on a PI surface
with both sides rubbed. The phase transition time of ZLI-1132 using NCPT mode was similar to that
of 5CB on PI surfaces without rubbing-treatment. However, the hysteresis width increased with rela-
tion concentration of ZLI-1132 in a ZLI-1132-5CB mixture, The hysteresis width of NCPT mode
was not dependent on pretilt angle. Consequently, the large hysteresis width of NCPT mode is attrib-
uted to the high elastic constants of the NLCs.

Keywords: Nematic liquid crystals; polyimide; surface alignment; NCPT mode; pretilt angle;
hysteresis width

1. INTRODUCTION

The nematic-cholesteric phase transition (NCPT) mode for liquid crystal (LC) is a
well known phenomenon, and it has been used in several types of LC display
including the light scattering,l’2 White—Taylor,3 and bistable memory types.“‘6 The
threshold electric field from nematic to cholesteric phase was derived by de
Gennes’ and that of nematic to cholesteric phase was derived by Greubel.® The
dependence on the elastic constants and the helical pitch of the LC material was dis-
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cussed. Lin-Hendel, using the anisotropic color-absorption properties of the dichroic
dye dopantg’lO reported the influences of electric field induced texture and phase
change behaviour of dye-doped, long pitch, cholesteric, LC films as a function of
boundary conditions, materials, and LC thickness-to-helical pitch ratio (d/p).

Applications for projection displays using the light scattering effect of the bist-
able memory effect of the electric field-induced nematic-cholesteric phase transi-
tion phenomenon has been reported by some researchers. 1-13 This display needs
no polarizers, and therefore a highly luminant image is obtained. The NCPT
mode uses the memory effect of the NLC, and theoretically the information con-
tent has no limitation. In order to keep this display drive stable, the width of the
electro-optical hysteresis is very important. Previously, we reported on the hys-
teresis behaviour of surface LC alignment using the NCPT mode on PI surface.'
The effects of NLCs on the hysteresis width in NCPT mode have not yet been
reported. The pretilt angle generation of the NLCs on a Pl surfaces was demon-
strated and discussed by many investigators.ls*26

In this work, we report on the effects of NLCs on the hysteresis width of the
NCPT mode on a PI surfaces without side chains.

2. EXPERIMENTAL

NCPT mode with positive dielectric anisotropy changes state when the applied
voltage increased, as shown in Fig. 1. It changes from a cloudy state, the choles-
teric phase F, to a transparent state, the nematic phase H. When the voltage is
decreased, it transforms from phase H to a metastable transparent state, nematic
phase H’, then to phase F. In phase F, the LC in the panel has a helical structure.
Because the axis of the helix are paralle! to the glass substrates, incident lights is
scattered, making phase F cloudy. In phase H, the L.C has no helical structure, but
instead has a homeotropic structure. Incident light passes through the homeo-
tropic structure, making phase H transparent. In phase H’, the structure of the LC
is homeotropic, but in the centre of the layer the LC molecules are assumed to be
slightly inclined. Phase H is a metastable homeotropic state. The hysteresis
effect is thought to be affected by the specific balance between surface anchoring
and the thermal properties of the helical structure.

The width of the hysteresis effect is designated the width of hysteresis A, as
shown in Fig. 1, is defined as the difference between the voltage V10 which
gives 10 percent transmittance for cholesteric-nematic phase transitions and the
voltage Vfo, which gives 90 percent transmittance for nematic-cholesteric
phase transitions. The drive voltage, V, is set between V!* and V0 as shown
in Fig. 1.
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NCPT type hysteresis enables the following four-stage addressing scheme. The
first stage is initialization for writing. Applying a voltage with magnitude twice
the V,; changes all the pixels from state F to state H. The second stage is the writ-
ing using selected pixels. The selected pixels are changed to state F by decreas-
ing voltage and then again applying the drive voltage (V). The third stage is the
writing at non-selected pixels. The non-selected pixels are maintained in state H’
or state H by continuous application of the drive voltage V,; or twice the V. The
fourth stage is the maintaining the written images. The selected and non-selected
pixels are maintained by reapplying the drive voltage.
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FIGURE 1 Phase transition and transmittance change for the NCPT mode and the definition of hys-
teresis width A

The polymer was used an RN-305 (supplied from Nissan Chemical Industries
Co. Ltd.) in this study. The molecular structure of RN-305 has been previously
reported.17 The precursors were coated on ITO coated substrates by spin-coating,
and imidized at 250°C for 1 hour. The NCPT-LC layer had a thickness of 5.0 +
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0.1um, achieved using polymer beads for spacers, and checked by using an LC
layer thickness meter made by Otsuka-Electronics Co., L.td. We used a commer-
cially available mixture for the nematic component (RDP-90613, Rodic Co.,
Ltd.), as shown in Fig. 2. The helical pitch of the cholesteric phase was 1.0 p m
by using a 9:1 ratio of nematic to chiral nematic LC components. Helical pitches
were measured using the Cano method.?” The relationship between LC thickness
and helical pitch was determined by the scattering intensity, and was used a driv-
ing voltage of = 13 V max. General CMOS-LSI, to drive the bistability of the
hysteresis effect. Table I shows the physical properties of the used NLCs.
Table II shows the used NLC components. We used a rubbing technology that
controlled the surface alignment direction of the L.C molecules and the rubbing
direction was antiparallel for the two substrates. We prepared three kinds of
cells-both sides unrubbed, one side rubbed and both sides rubbed.

C:HsO —@—-0 /\XO —@— OC2Hs

C

FIGURE 2 Structure of the chiral nematic LCs

TABLE I Physical properties of NLC

NLCs K (x 10772N) Kop(x 1071°N) K33(x 1071°N) Ae
5CB 6.2 33 8.4 16.1
7LI-1132 10.1 56 19.7 13.1

TABLE I NLC components used (unit : %)

NLCs A B C D E F

5CB 100 80 60 40 20 0
ZL1-1132 0 20 40 60 80 100
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Rubbing was done with a rotating cylinder, covered with a fabric consisting of
vertical nylon (Yo-15-N, Yoshikawa Chemical Industries Co., Ltd.). The defini-
tion of the rubbing strength, RS, was as given in previous paperslS’l? and it is
given by

RS = NM(27rn/v - 1), (1)

where N is the number of times the rubbing was repeated (usually N=1, in this
work), M is the depth of the deformed fibers of the cloth due to the pressed contact
(mm), n is the rotational speed of the drum (1000/60 s7h), v is the translating speed
of the substrate (7.0mm/s), and r is the radius of the drum. The unit of RS is mm.

In order to measure the pretiit angle, we used the crystal rotation method.?
The measurements were performed at 20°C. We used the same PI and LC materi-
als, but the LC material was the non-chiral nematic component. Cells were pre-
pared by assembling the substrates antiparallel to the rubbing directions and the
rubbing strength was changed. The LC layer thickness was 60 + 0.3 pm. We
changed the thickness relative to that of the cell used for measuring the hysteresis
behaviour, in order to measure quickly and correctly the relationship between the
rubbing strength and pretilt angle.

Measurement of the hysteresis, as shown in Fig. 1, was carried out using a
scheme for driving of the device. The driving schematic, as shown in figure 3,
was a special driving method for the NCPT mode, which used the memory effect.
Addressing time, z,, for one pulse width 4ms. Resetting time was ¢, for 30 pulses.
Holding time was t;, for 2501 pulses of the cholesteric-nematic phase transition
and ¢, for 2500 pulses of the nematic-cholesteric phase transition. The tempera-
ture for measurement of the hysteresis behaviour was 30°C.

3. RESULTS AND DISCUSSION

Figure 4 shows the pretilt angles as a function of NLC components on rubbed PI
surfaces without side chains at a strong RS region. It is seen that the pretilt angle
of NLC did not vary with the NLC components. The generated pretilt angle of
NLCs was about 3.6° on a rubbed PI surface without side chains. We consider
that the behaviour of pretilt angle in SCB was almost the same as seen previous
results.'4

The phase transition time of the NCPT mode as a function of NLC components
on a PI surfaces without side chains is shown in Fig. 5. The phase transition time
of ZLI-1132 using the NCPT mode on a PI surface was as fast as that of SCB. It
is shown that the phase transition time of the NCPT mode on a Pl surface
decreases with increasing the ZLI-1132 components.
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FIGURE 3 Schematic of the driving method. (A)Measured wave form; the phase transition from
cholestericto nematic, (B)Measured wave form: the phase transition from nematic to cholesteric

Figure 6 shows the hysteresis width of NCPT mode as a function of NLC compo-
nents on a PI surfaces without side chains. The hysteresis width of the NCPT mode
on a PI surface increases with increasing ZLI-1132 components as shown in Fig. 6
(a), (b), and (c). However, the pretilt angle of NLC did not vary with the increase of
the ZLI-1132 components, as shown in Fig. 4. The elastic constants of ZLI-1132
was larger than that of SCB, as shown in Table I. From these results, we consider
that the large hysteresis width for the NCPT mode on a PI surface can be attributed
to the high elastic constants of the NLCs. Consequently, the hysteresis width for
the NCPT mode depends on the surface alignment of LC molecules and elastic
constants of NLCs on a PI surfaces without rubbing-treatment.
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FIGURE 4 Pretilt angles of the NLC as a function of nematic components on a rubbed PI surfaces
without side chains

4. CONCLUSION

In conclusion, the effect of hysteresis behaviour of the NCPT mode on a PI sur-
faces was investigated. The generated pretilt angles of ZLI-1132 was almost the
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FIGURE 5 Phase transition times of NCPT mode as a function of NLC components on a PI surfaces
without side chains

same as those of SCB on a PI surface with both sides rubbed. The phase transi-
tion time of ZI.1-1132 using the NCPT mode was similar to that of SCB on a PI
surfaces without rubbing treatment. Also, the hysteresis width of Z1I-1132 using
the NCPT mode was larger than that of 5CB. Consequently, the large hysteresis
width of the NCPT mode is attributed to the high elastic constants of NLCs.
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