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In this work, the use of antiferroelectric and V-shape liquid crystals for video projection using LCOS microdisplays has been

explored. Antiferroelectric grey levels arise from a double symmetric hysteresis loop that can be stabilised by a constant hold-

ing voltage, thus an active matrix is not strictly required in this case. If used, then the voltage levels and the waveform must

be adjusted to fulfil the voltage limitations dictated by the matrix. V-shape materials lack hysteresis; therefore the active ma-

trix is mandatory to stabilise the levels. Voltage limitations, however, are less restrictive in this case, since V-shape smectics

require just a few volts for full switching.
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A number of smectic liquid crystals showing ferro-
electricity, when confined in thin cells, become surface-
-stabilised. These materials show in-plane switching (IPS),
an interesting feature for display applications. Moreover,
some of these liquid crystals, e.g. antiferroelectrics and
V-shape thresholdless smectics, show an intrinsic analogue
grey scale [1], along with reduced switching time, making
them attractive for high-resolution video-rate applications.

On the other hand, liquid-crystal on silicon (LCOS)
microdisplays have demonstrated to be an interesting alter-
native to transmissive spatial light modulators based on
thin-film transistor (TFT) technology. The active matrix of
LCOS displays is fabricated on silicon wafers, using stan-
dard microelectronic techniques, an advantage compared to
TFT silicon-on-glass manufacturing. However, large area
silicon wafers cannot be prepared and light transmission is
curtailed by the substrate. Therefore, LCOS technology is
employed in miniature reflective displays.

In this work different driving waveforms for both
types of smectic liquid crystals: tristate AFLCs and
V-shaped are studied. All the waveforms shown below
have been tested and optimised using transmissive and re-
flective test cells, made either on glass or on silicon
(dummy silicon backplanes). Once test cells were manu-
factured and filled with a number of materials, specific
waveforms for LCOS driving were designed [2]. Excel-
lent grey scales have been demonstrated in both cases
with the frame rates over 200 Hz, allowing the use of se-
quential colour at video rate.

The paper is divided into two parts, concerning wave-
form design for tristate antiferroelectric liquid crystals
(TSAFLCs) and V-shaped (thresholdless) smectics liquid
crystals (TLAFLCs) respectively.

�� �����������	

���� ��������������������������������	���

Figure 1 shows the electrooptic response of a sur-
face-stabilised TSAFLC when driven by a low frequency
triangular wave. This typical double hysteresis loop can be
used as a reference to design waveforms. The loop is just a
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Fig. 1. E-O response of TSAFLCs with low frequency triangular

wave.



reference showing where the AFLC would stabilise at ev-
ery applied voltage.

Figure 2 shows the simplest waveform that can be used
to drive these materials. If a greyscale is desired, driving of
TSAFLCs requires a selection pulse �, by which the outer
slope of the loops is reached, and a holding voltage (bias)
�, to maintain the grey level along the frame time. Then,
the cycle is repeated �� with the opposite loop to DC
compensate the whole waveform. Data are included in the
selection pulses. The waveform, therefore, can be used to
multiplex passive matrix AFLCs. However, this waveform
cannot be used as is, since TSAFLC materials show a
memory effect by which the grey level achieved in one cy-
cle depends on the previous ones. To avoid this undesirable
dependence, the pixel must be erased by bringing it to a
known state (always the same) before every cycle. There
are three known states in TSAFLC hysteresis loops: the re-
laxed AFLC state at 0 V and the two symmetric FLC satu-
rated states at the outer ends of the loops.

The waveform should include one of these states in ev-
ery cycle. Several waveforms have been proposed depend-
ing on the adopted erasing strategy – relaxation or satura-
tion. Relaxation seems to produce better greyscales, while
saturation is faster, hence best suited for video. The main
waveforms are shown in Fig. 3. We propose a waveform

based on forced relaxation, in which the reset time is sub-
stantially reduced by applying a voltage well after the bias
period.

Figure 3(a) simply includes a reset time � to allow the
pixel to relax. This waveform cannot be used in LCOS
since the relaxation time of current materials at room tem-
perature is several ms, i.e., comparable to the whole frame
time of sequential colour and video rate. Figure 3(b) is the
waveform chosen for LCOS. Selection pulses�� and bias
regions � are similar to previous ones. Before reset �,
however, a short counter pulse � – the well – is applied. It
has been experimentally shown by us that a correctly de-
signed well pulse reduces up to two orders of magnitude
the relaxation time [3] (e.g., below 100 µs). It must be
stressed, however, that this may require two extra voltage
levels (total, 7 levels), for either amplitude or time of the
well must be freely set.

Figures 3(c) and 3(d) are two waveforms based on satu-
ration. Figure 3(c) has been proposed by Okada [4,5] and
Fig. 3(d) is our proposal. Both are fast, however, both show
less satisfactory greyscales than the former waveforms.

As mentioned above, these waveforms can be used in
passive multiplexed displays. Rows are sequentially scanned
with either of these waveforms, while data for each row are
written in the columns during their corresponding slot times.
In any given row, pixels “see” their own data during the se-
lection time, and data for others rows during bias and reset
time. It follows that crosstalking may arise if data voltage
levels are significant compared to selection and bias. Opti-
misation of waveforms and fabrication conditions have led
to low dynamic range (<2.5 V) greyscales, allowing high
multiplex levels with low crosstalk.
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Previously chosen waveform [Fig. 3(b)] is suitable for driv-
ing AFLCs on LCOS. In such active devices, data can be
made independent of selection (i.e., no sequential row
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Fig. 2. Basic waveform for TSAFLC driving. Data are included
onto the selection pulse.

Fig. 3. Several waveform including erasing pulses by relaxation and saturation.



scanning is required). On the other hand, data writing takes
a substantial fraction (~25%) of the frame time. The re-
maining time should be mostly assigned to viewing (light-
ing); otherwise the display would be dark.

To achieve this time distribution, we have tested the
possibility of sharing the LC reset time and the data writing
time (Fig. 4). This can be done as the AFLC material
threshold is much higher than the highest data levels. In
such scheme, all data are written in advance, and a single
selection – bias–well – reset pulse is applied to the counter
electrode afterwards. The cell then switches as a whole.

The scheme has a decisive advantage: All pixels have
the same chance to switch. Relaxation, bias and selection
are simultaneous for all pixels. No crosstalk can be pro-
duced. Moreover, transmission need not be stabilised
within the frametime. Indeed, the material does not reach a
stable transmission but the integral transmission (during
lighting time) for any given grey level is the same for any
pixel. Therefore, a simple gamma correction should pro-
duce the correct greyscale.

Several crucial points in this scheme have been tested:
• data writing during LC reset does not affect the material

relaxation to AFLC state,
• grey levels are maintained by bias. Data are needed

only during selection. Once the pixel is switched, the
grey level is hold by bias voltage. This means that data
may be blanked in the backplane during bias. In this
way, all pixels “see” the same applied voltage,

• selection pulse may affect stored data. Even so, the
greyscale is maintained,

• if data storage is not affected by selection, and no
blanking after selection is applied, pixels would “see”
different voltage levels, depending on their grey levels.
We have checked that this scheme also gives an excel-
lent greyscale, although its dynamic range is obviously
different,

• if data range is below 2.5 V, no significant differences
are found between pixels whose data are written at the
beginning and the end of the writing time,

• greyscale depends on temperature. Fortunately increas-
ing temperature shifts the entire greyscale parallel to it-
self. Thus, temperature correction, if required, should
be a simple DC offset voltage on each cycle.
As in the passive case, grey levels obtained in the posi-

tive and negative cycles are not the same. If RGB frames
were alternated between positive and negative cycles, a
component with 1/2 frame rate frequency would appear
giving substantial flickering. A possible solution (Fig. 5) is
to use sequences RGBG or RBGB, so that every colour is
always represented with either positive or negative frames.

The above items do not take into account that data are
not bipolar, but unipolar. As a result, the whole waveform
is shifted towards positive values. This must be taken into
account when adjusting the voltage levels of the positive
and negative cycles.
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V-shaped FLCs, formerly known as thresholdless anti-
ferroelectric LCs (TLAFLCs) [6] have been used as a very
attractive alternative to ferroelectric LCs. The main advan-
tage in this case is low switching voltage, compatible with
silicon backplane levels, and the presence of an analogue
grey scale.

At present, the name V-shaped FLCs is preferred to
thresholdless AFLCs. Paradoxically, the electrooptical re-
sponse of these materials is often W-shaped rather than
V-shaped (Fig. 6).

Design constraints of waveforms for V-shaped in sili-
con backplane, rely on sequential lighting of the display.
The frame time is about 5 ms. Under these conditions, the
materials do not reach stable grey levels. This goes unno-
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Fig. 4. Waveform proposed for a silicon backplane filled with
TSAFLC material.

Fig. 5. Four colours RGBG. Green colour is duplicated to increase
brightness.



ticed for the eye, since the integration time of human vision
is larger. However, it is important that every pixel is
switched in the same way. Specifically, the time elapsed
between the switching pulse and the lighting period must
be the same for all pixels. Otherwise pixels would be
lighter or darker upon illumination, depending on their po-
sition in the display. Note that this is a direct consequence
of sequential lighting (and short frametime); it does not af-
fect a backlighted direct-view V-shaped display.

The idea is to switch all pixels at the same time, after
the data writing period. This could be easily accomplished
in tristate AFLCs for the existence of a (high) voltage
threshold avoided premature switching during data writing
time. However, thresholdless switching cannot be avoided.
The solution proposed is to saturate every pixel during
writing time by applying a voltage to the counter electrode.

There is another reason for doing that; W-shaped re-
sponse is often found in TLAFLCs. Although these materi-
als can be used, extra care must be used in waveform de-
sign. The reason is shown in Fig. 7. Several hysteresis cy-
cles for different voltage amplitudes are shown in the bot-
tom graph. (Curves are vertically shifted; actually all of
them overlap). The middle graph shows the transmission
obtained when applying the voltage signal indicated in the
top graph.

The curve labelled hysteresis�, in the bottom graph, is
saturating the cell. W-shaped response is seen in the bot-
tom graph. Two symmetric minima (dark states) are found.
Transmission of positive and negative cycles (middle
graph) are identical.

This is not the case of a non-saturating signal such the
third curve from top � in the hysteresis plot. In this case,
the transmission of the positive cycle is higher, since the

same inner branch of the hysteresis curve is used for both,
positive and negative pulses. The negative level is close to
the minimum transmission (dark state), its transmission be-
ing even lower than the zero volt transmission. The moral
of this, again, is that pixels must be saturated between posi-
tive and negative cycles.

The waveforms proposed are roughly the same in both
cases. Figure 8 shows the W-shaped case. Given a data
level � (Fig. 8, left), it is brought to saturation � during
writing. After writing the counter electrode voltage is
brought to dark level � where data are superimposed Figs.
3(a) and 3(b). The right waveform is identical, except for a
voltage well � added to speed up the access to grey levels
�. The well is calculated so, that the time elapsed to reach
any level is the same.

Another important point that must be checked is the re-
lationship between stored data voltage and remaining data
voltage after the saturation pulse is removed. It shall be
taken into account that data are written with voltage on the
counter electrode. The charge is shared between the exis-
tent capacitors in a non-straightforward manner. Anyhow
we have experimentally and theoretically concluded that
the greyscale shall not be affected, providing the storage
capacity is at least ten times than the pixel capacity. Other-
wise corrections must be added to the data voltage to com-
pensate for the deviations.
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Fig. 6. Different electrooptical responses obtained in V-shaped
materials. W-shape appears more often than V-shape.

Fig. 7. Specific feature shown by W-shaped TLAFLCs. Saturating
pulses are required to switch from either branch to the other. If
saturation is not reached, the material may show highly asymmetric

behaviour.
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LCOS displays can be advantageously associated to either
tristate antiferroelectrics or V-shape smectics to produce full-
-colour, video rate displays. The device may use colour dith-
ering. Specific waveforms running at four times the standard
video frequency have been demonstrated in both cases. The
system seems to be an alternative to TFT SLM projectors.
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Fig. 8. Waveforms proposed for W-shaped TLAFLCs. The saturation pulse lasts 1.5 ms (the data writing time). Once all data are written,
the counter electrode is brought to the dark state level, and data are superimposed. A voltage well (right) may be included to speed up the

process.
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