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Abstract

In this work we present a method for the determination of the twist angle of an arbitrary twisted nematic liquid crystal
spatial light modulator. The method is based on the location of local adiabatic points, i.e., situations in which the liquid
crystal SLM acts only as a rotation device. For these cases, the rotation induced on the polarization of the incident beam is
equal to the twist angle. Consequently, the twist angle can be determined with high precision. We show that local adiabatic
regime may be achieved in two ways, either by changing the incident beam wavelength, or by applying a voltage to the
electrodes of the display. However, the simple model that describes the SLM in the off-state, may break down when a
voltage is applied to the display, and it may affect the local adiabatic behaviour. We present theoretical and experimental

results. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Twisted nematic liquid crystal spatial light modulators
(TNLC-SLM:s) are one kind of electro-optics display widely
used for optical processors [1] and optical correlators [2].
In general, these devices produce coupled amplitude and
phase modulations versus applied voltage [3,4]. However,
under proper conditions of polarization and proper ranges
of voltage, amplitude-mostly or phase-mostly configura-
tions can be obtained. In this sense, the transmission of
eigenpolarization states has been studied to obtain phase-
only modulation [5-7]. A prior knowledge of the physical
parameters of the TNLC-SLM is necessary to obtain the
Jones eigenvector that produces the phase-mostly modula-
tion.

Lu and Saleh [8] developed a model to describe the
liquid crystal display (LCD) based on the Jones matrix
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theory. They obtained a Jones matrix that is referred to the
coordinate system where the LC director at the input
surface of the SLM is oriented parallel to the coordinate
axis. However, in general, the location of the LC director
relative to the laboratory axes (i) is unknown for the
user and it must be determined. In addition, two other
parameters control the modulation: the twist angle (&) and
the birefringence of the liquid crystal ( 8).

Several methods have been proposed in the literature
for the determination of these parameters. Soutar and Lu
[9] proposed a technique based on a measurement of the
intensity transmitted through the LCD inserted between
two polarizers, when both polarizers are rotated simultane-
ously either parallel or perpendicular. The values of «, 8
and i, are obtained by a curve fitting procedure. How-
ever, this technique may produce ambiguities in the re-
sults. The use of different wavelengths has been proposed
[10] to overcome these ambiguities. Yamauchi and Eiju
[11] determined experimentally the LCD Jones matrix
from intensity fransmittance measurements and obtained
the LCD parameters using numerical fits of these curves.
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Then they were able to predict the polarizer and analyzer
angles that optimize the phase modulation. Recently, other
procedures to measure « and 8 have been proposed based
on Stokes parameter measurements [12], and based on a
channeled spectrum principle [13].

In this work we present a simple method to measure
independently the twist angle «, by achieving local adia-
batic regime of the LCD. An independent measurement of
o simplifies the previous methods because one of the
parameters is already known. The local adiabatic regime
occurs when the magnitude vy, defined as y= Vaz + B2,
is equal to nw, where n is an integer number. Then the
rotation in the polarization induced by the LCD is a direct
measurement of the twist angle. Goncalves-Neto et al. [14]
reported this situation for the measurement of the parame-
ters of the LCD and show that they could achieve it by
applying voltage to the LCD. However, as they say, when
a high voltage is applied to the LCD, the assumptions
made by Lu and Saleh in their model (twist angle linear
with respect to depth of LCD, and effective birefringence
constant for every layer of LCD) may fail [14,15]. Here,
we analyze the local adiabatic regime in terms of Jones
matrix formalism and show how it can be achieved either
by changing the voltage, or by changing the wavelength of
the incident beam. This latter case is more appropriate
because no voltage is applied to the LCD and the assump-
tions of the model by Lu and Saleh are correct.

In Section 2, we review the Jones matrix model the
LCD [8]. In Section 3, we examine in detail this matrix
model for various situations of the LCD, in particular the
adiabatic regime and the local adiabatic points. In Section
4, we give experimental results that demonstrate that local
adiabatic behavior is obtained by changing the incident
wavelength, and also by applying voltage to the LCD.
However, we show that when a voltage is applied to the
L.CD, the model by Lu and Saleh [8] may break down and
it affects the local adiabatic behaviour. Finally, in Section
5 we present an additional experiment to determine the
sense of the twist angle.

2. Jones matrix theory

Yariv and Yeh [16] developed the Jones matrix for a
twisted anisotropic media by regarding it as a stack of
birefringent layers, each one slightly twisted with respect
to the previous one. Each layer is considered as a uniaxial
birefringent plate. They assumed that the fast and slow
axes of the first layer coincide with the x and y axes of
the coordinate system. The result is the following Jones
matrix

M cp(@.B) =ﬁXP[_“(d"FB)]R(*a)M(“»B): (1)

where R(0) is the 2 X 2 rotation matrix given by

_ | cos@ sin @
R(6) = [ —siné cos@]’ @)

and M(«,) is given by

X—iY¥ Z
M("”m:[—zl X+iY]’ ®)

Here X =cos(y), Y= @Bsin(y)/y, Z=asin(y)/y and
y2=a%+ B2 The birefringence B is defined as S=
mdAn/A where d is the thickness of the display, A is the
incident wavelength, and An is the difference between the
ordinary (n,} and extraordinary (n,) indices of refraction
for the liquid crystal molecules. The constant phase ¢ is
defined as ¢ =2mwdn,/A. Because ¢ is a constant phase
which is not affected when a voltage is applied to the
display, it will be neglected in the following.

Lu and Saleh [8] extended this model to the LCD. They
assumed that when a voltage is applied to the electrodes of
the display, the LC molecules tilt towards the direction of
the propagation ( z-axis). Then, the effective birefringence
changes as a function of voltage. They define a new
parameter B(V) given by B(V)= mdAn(V)/A where
now An(V) is a voltage-dependent magnitude. Conse-
quently, the same matrix M, o, describes the LCD simply
by replacing 8 by B(V). This is a parameter that de-
creases as the voltage increases. Let 8., denote the value
B(V) for the off-state (V= 0).

In general, the LC director at the input surface is not
oriented parallel to the laboratory frame and the matrix
M, - must be transformed by a rotation. Consequently,
three parameters are of interest to determine the Jones
matrix of the LCD: the twist angle (@), the maximum
birefringence ( 8,,,,) and the orientation of the director at
the input surface of the display (¢p,).

3. Adiabatic and local adiabatic regimes

Initial works [17,18] on the determination of the physi-
cal parameters of the LCD were based on the assumption
of the adiabatic following approximation. This is a valid
approximation for thick LCDs. In this situation, the value
of B is much greater than «, and the matrix M, -, may
be approximated by

M, p(a.B> a)
exp(—ip) 0
0 exp(+iB) |
(4)
Then, according to Yariv and Yeh [16], the action of the
LCD can be divided in two parts. First, a phase retardation

matrix of phase shift 28 operates on the Jones vector of
the incident wave. Second, the operation of the rotation

~ exp(—if)R(~a)
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matrix is to rotate the Jones vector by an angle «. In this
situation, the determination of the orientation of the LC
director becomes easy. Incident linearly polarized light in
the direction parallel or perpendicular to the LC director
will emerge again linearly polarized, but rotated by an
angle «. The LC director orientation can be obtained by
searching for the maximum extinction when the LCD is
placed between two polarizers, and the twist angle is equal
to the rotation induced on the direction of polarization.

However, for thin LCDs the adiabatic following ap-
proximation is not valid. Nevertheless, there are certain
values of B for which the matrix M, has an easy
expression, those for which y = nar, where n is an integer.
Then the matrix M( e, 3) reduces to an identity matrix and
the LCD matrix is

M, cp(a,y=nm)

0 (-1 ®)

In this situation, the action of LCD reduces to a rotation of
angle « on the polarization of the incident beam, without
changing the state of polarization. We refer to these situa-
tions as local adiabatic points. The difference between this
situation and the previous one is that, in a local adiabatic
point (Eq. (5)), linearly polarized incident light will remain
linearly polarized but rotated, independently of the orienta-
tion. In the adiabatic regime for thick LCDs (Eq. (4)),
emerging light will remain linearly polarized only when
the orientation of the polarization is either parallel or
perpendicular to the LCD director at the input surface.

Another special case occurs for the maximum voltage.
In this case, B8 tends to zero and the matrix M(a,B)
becomes a rotation matrix of angle «. Consequently, the
Jones matrix M ., tends to be

=exp(—iB)R(—a)[(_l) ° l

MLCD(a1ﬁ=0)=R(_a)R(+Q):I’ (6)

where I represents the identity matrix. As expected for this
situation, the output beam polarization is identical to that
of the input incident beam.

In order to obtain the local adiabatic regime, it is
necessary to control the value of B. It can be changed in
two ways: by changing the wavelength of the incident
beam, or by applying voltage to the LCD. We inspect
these two ways to look for local adiabatic points.

4. Location of local adiabatic points

Here we analyze the polarization ellipse emerging from
the LCD as a function of «, 8 and the orientation of the
input polarizer. Let us assume that the LCD is inserted
between two linear polarizers, with angles ¢, and ¢, with

respect to the LCD director at the input surface of the
LCD. The normalized transmission of the system is given
by [8]

T=[Xcos(p, — ¢, + &)+ Zsin( @, — ¢, + c:r):[2

+[Yeos(e, + ¢, — )] (7)
In order to characterize the polarization ellipse emerging
from the LCD, we performed the following experiment.
For a given value of ¢, we search for the values of ¢,
that give maximum and minimum transmission. These
angles correspond to the major and minor axes of the
polarization ellipse. Fig. 1 shows the result of this simula-
tion for a twisted nematic LCD with a twist angle a=75°.
Three different curves are presented for three different
values of 8 which correspond to y=2, y=2.17 and
y=22m. Fig. 1(a) shows the maximum and minimum
transmission vs. the input angle for these three points of
the LCD. When the LCD is on the local adiabatic point
vy =27, the emerging light remains always linearly polar-
ized, independently of the angle ¢,. However, when the
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Fig. 1. Theoretical results for a LCD with twist angle o = 75°, for
values y =27, y=21w, and y=227. (a) Maximum and
minimum transmission versus ¢,. (b) Angle ¢, that gives maxi-
mum transmission versus ¢.
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LCD is on an arbitrary point, great variations are observed -% 1 \ L
as a function of ¢,. Fig. 1(b) shows the angle ¢, that @ 1 \ . /J, \ /’ )
gives the maximum transmission as a function of ¢, i.e., g 0. 8 o |
the angle of the major axis of the ellipse. When the LCD is g 0.6 - e sk ‘
on a local adiabatic point, ¢, is a linear function of ¢, B L 1 ;
and the difference between them is always a«. In particu- ey 0.4 | pia, ; N |
lar, for this simulation, ¢, =75° is obtained for ¢, = 0. g: G i oy 8 L f; i (a)
However, when the LCD is not on an adiabatic point, then 1) o L Sy 3 J
the relation of ¢, with respect to ¢, is not linear. ks 04— s
Consequently, the twist angle may be obtained with 0 40 80 120 160
high accuracy by measuring the rotation of light when the Polarizer angle
LCD is on a local adiabatic point. It is important to note
that even when the LCD is not on an adiabatic point, there 170 e
are always two orientations of the incident polarization for i | : .;,A
which the light remains linearly polarized at the exit [13]. w2007 B L
These two orientations, ¢]¥, are the solution of the equa- % 200 === 27 = o g u“-r.- ------

tion @ = (1/2)arctan[ Z /X |. Nevertheless, although light
remains linearly polarized, the rotation in the polarization
plane is equal to 7/2 + & — 2¢F, which is a magnitude
that depends on ¢{. Consequently, this rotation is not
useful for the measurement of «. Only when the LCD is
on a local adiabatic point will the rotation in the polariza-
tion plane be equal to «a.

4.1. Adiabatic points obtained by change of the incident
wavelength

We use this proposed technique to measure the twist
angle of a twisted nematic LCD extracted from a video-
projector, model Epson VP-100PS. This LCD corresponds
to blue illumination inside the video-projector. In order to
perform the experiment, the LCD is inserted between a
polarizer—analyzer pair. The system is illuminated with
circularly polarized collimated beam in order to maintain a
constant incident intensity when rotating the first polarizer.
Then the following experiment is performed: (1) input
polarizer is placed at a given angle, (2) analyzer is rotated
in an attempt to achieve the minimum transmission for
each orientation, (3) maximum transmission is also mea-
sured by rotating the analyzer 90°. Steps 2 and 3 are
repeated for each position of the input polarizer.

Firstly, we analyzed the LCD in the off-state. In this
situation, the value of 8, determines whether the LCD
is on a local adiabatic point. We can change the value of
Brax by changing the wavelength of the light. The shorter
the wavelength, the greater is the value of B_,.. We
performed experiments with green illumination from an Ar
laser (A =514 nm), and with red illumination from a
He—Ne laser (A =633 nm).

Fig. 2 shows the experimental results obtained for
A =514 nm. Fig. 2(a) shows the evolution of the maxi-
mum and minimum transmission versus input polarizer
angle, while Fig. 2(b) shows the evolution of the analyzer
angle that gives the maximum transmission, i.e., the orien-

0 40 80 120 160
Polarizer angle

Fig. 2. Experimental results obtained with the LCD in the off-state
and A= 514 nm. (a) Maximum and minimum transmission versus
input polarizer angle. (b) Analyzer angle that gives maximum
transmission versus input polarizer angle.

tation of the major axis of the ellipse. Great variations are
observed in the maximum and minimum transmission. In
addition, the analyzer angle is not linear with respect to
polarizer angle. From these results, we can conclude that
the LCD is not acting in an adiabatic point for this
wavelength.

Fig. 3 shows the results for A =633 nm. For this
wavelength almost no variation of maximum and mini-
mum transmission vs. polarizer angle is observed. In addi-
tion, a linear relation is obtained for the analyzer versus
polarizer angle. These results show that for this wave-
length, the LCD in the off-state is on a local adiabatic
point. By measuring the rotation of the polarization in this
situation, the possible values for the twist angle are a =
103 + 1 or @ = —77 £ 1°. These two possible values come
from the ambiguity in the sense of the rotation.

These results show that local adiabatic regime can be
obtained in the off-state by changing the wavelength. This
is in accordance with the model by Lu and Saleh [8]. For
our LCD, it has been casual that He—Ne laser wavelength
gives the adiabatic point. In general, a continuous change
in wavelength can be necessary if none of the available
wavelengths from lasers give the local adiabatic behavior.
Light from a monochromator could be used in the experi-
ments.
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Fig. 3. Experimental results obtained with the LCD in the off-state
and A =633 nm. (a) Maximum and minimum transmission versus
input polarizer angle. (b) Analyzer angle that gives maximum
transmission versus input polarizer angle.

4.2. Experimental verification

In order to verify the value of the twist angle, we
measured the transmission of the LCD versus voltage. To
correctly match experimental curves to theoretical predic-
tions, it is necessary to know the orientation of the LC
director relative to the laboratory frame (¢,). We used the
Soutar and Lu method [9] to determine it. This technique is
based on a curve fitting procedure of transmission curves
obtained when both polarizers are rotated simultaneously
either parallel or perpendicular. From these two experi-
mental curves it is possible to determine the values for ¢y,
B and . This is an example of a technique that is notably
simplified by a prior knowledge of «. For our LCD, we
obtained that the LC director at the input surface is ori-
ented at i/, = 80.5° with respect to the vertical laboratory
frame.

We selected a configuration of the polarizers angles
¢, =0 and @, = . In this configuration, input polariza-
tion is selected parallel to the LC director at the input
surface, and output analyzer selects the component of the
emerging light parallel to the LC director at the output
surface. Because the signal is controlled with a video card,
the voltage is dependent on the addressed gray level. Fig.
4(a) shows the normalized transmission versus gray level
for this configuration (¢, =0 and ¢,= —77), and its

complementary (¢, =0 and ¢, = —77 +90), obtained
with wavelength A = 633 nm. The curves are identical if
a= +103 is selected. The brightness control is placed at
minimum and the contrast control is placed at maximum.
Another video-projector control named color is placed at
minimum. Fig. 4(b) presents a numerical simulation of the
experiment. In order to compare both figures, the curves in
Fig. 4(b) are presented in a descending order with respect
to f3. This is because if the voltage increases, the value of
the birefringence decreases. The range of birefringence is
selected between O and 1.57, which matches the experi-
mental range shown in Fig. 4(a). It shows a very good
agreement with the experimental curves.

4.3. Adiabatic points obtained by applying voltage. The
problem of the surface layers

Another way to locate an adiabatic point is to apply
voltage to the LCD. Then the liquid crystal molecules tilt
towards the z-axis, and the effective birefringence is
changed. If the model by Lu and Saleh is exact, this way
permits, for a given wavelength, to change 8 in the range
from B = f,. to 8= 0. However, the LC layers close to
the surfaces of the display may not tilt with the voltage,
and consequently, the assumptions of the Lu and Saleh

Intensity transmission

0 50 100 150 200 25
Gray level

0.8+

4

0.6~

0.4

]
0.2+
0.0 ‘ D
1.5 1.2 09 06 03 0.0
Birefringence (units of )

Intensity transmission

Fig. 4. (a) Experimental normalized transmission for the polarizers
configurations ¢, =0 and ¢, = —77° (full circles), and ¢, =0
and @, = —77+90° (open circles). (b) Theoretical transmission
for this configuration as a function of 8, and for a LCD with
a=-T7°
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model may fail, and the simple technique used to measure
« may not be so useful. This occurs mainly for high
values of voltage [14]. In this section, we demonstrate that
local adiabatic points can be obtained by applying voltage
to the display, but they are affected by these surface layers
that do not tilt.

Coy et al. [15] proposed a correction to the Lu and
Saleh model to take into account the surface layers. In
their model, these layers are considered as two wave plates
located at the input and output surfaces of the SLM, and
their fast axes are oriented parallel to the LC director at the
respective surface. With this model the LCD Jones matrix
of Eq. (1) must be modified to a new matrix M} -, given
by
M cp(a.B.6)

= {R(—a)W(8)R(+a)}

X {exp(—iB)R(—a)M(a,B)}W(5), (3)
where W(5) represents a wave plate with a fast axis
oriented parallel to the x-axis, and introduces a phase shift
of value 8, and M(e,8) is the same matrix as in the Lu
and Saleh model (Eq. (3)).

When a local adiabatic point is obtained, the matrix

M(a, 8) becomes an identity matrix and consequently the
LCD matrix is now

M cp(a,y=nm,8)
exp(—i8) 0

:exp(—iﬁ)R(_a) 0 exp(+i5) .

©)
In this sitnation, the action over the light is not only a
rotation in the polarization, but also a phase shift between
two orthogonal components. This situation is equivalent to
the adiabatic regime (Eq. (4)). The twist angle may be
obtained by looking for the maximum extinction between
polarizers. However, as mentioned earlier, maximum ex-
tinction can be obtained even if the LCD is not in a local
adiabatic point, if the polarizers are oriented at the appro-
priate orientations.

In order to demonstrate that local adiabatic points are
obtained by applying voltage, we use the experiment shown
in Section 4.2. Fig. 4(a) shows maximum transmission
equal to one for gray level 65 in the configuration ¢, =0
and ¢, = . According to Eq. (7), T=1 occurs for this
configuration only if a local adiabatic peint is obtained
{(y=mw). Let us note that the intensity transmission for
this particular configuration of the polarizers (¢, = 0 and
©, =), is unaffected by the two wave plates of the
model by Coy et al. [15]. Then, the experiment shown in
Fig. 4(a) shows that a local adiabatic point is obtained for
gray level equal to 65.

In order to see the effect of the voltage on the polariza-
tion ellipse, we performed the experiment described in
Section 4.1 when a gray level is addressed to the display.
Fig. 5 shows the experimental results for the maximum
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Fig. S. Experimental results obtained for A= 633 nm, for the
maximum and minimum transmission versus input polarizer angle.
(a) Minimum voltage, (b) medium voltage corresponding to a
local adiabatic point, (c) maximum voltage.

and minimum transmission versus input polarizer for three
different voltages. Fig. 6 shows the results for the analyzer
angle that gives maximum transmission vs. polarizer angle,
for the same three voltages. The light wavelength is A=
633 nm. Fig. 5(a) and Fig. 6(a) correspond to a minimum
voltage (gray level equal to zero), Fig. 5(b) and Fig. 6(b)
to the local adiabatic point (gray level equal to 65), and
Fig. 5(c) and Fig. 6(c) to a maximum voltage (maximum
gray level and brightness and contrast settings also placed
to the maximum).

For the first case, the offset voltage applied to the LCD
affects the value of B and the local adiabatic regime
observed in the off-state for this wavelength (Fig. 3) no
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Fig. 6. Experimental results obtained for A =633 nm, for the
analyzer angle that gives maximum transmission versus input
polarizer angle. (a) Minimum voltage, (b) medium voltage corre-
sponding to a local adiabatic point, (¢) maximum voltage.

longer holds. This is observed in the oscillations of the
maximum and minimum transmission with respect to the
input polarizer angle (Fig. 5(a)). The non-linear curve of
Fig. 6(a) confirms non-adiabatic regime.

When a gray level 65 is addressed to the LCD, a local
adiabatic point is obtained. However, as Fig. 5(b)Fig. 6(b)
show, in this case the behaviour is not the same as in the
off-state case. Because of the effect of the surface LC
layers, the display produces a phase shift plus a rotation of
the pelarization. Only for two particular orientations of the
incident polarization, maximum extinction is obtained.
These orientations coincide with the LC director direction
at the input surface (i, =80.5) and the perpendicular
orientation. For these two angles of the incident polariza-

tion, the light emerges linearly polarized but rotated. The
measured rotation on the plane of polarization coincides
with the value obtained for the off-state of the LCD, i.e.,
a=103+1 or a= —77 £ 1°. Fig. 6(b) shows the orien-
tation of the major axis of the ellipse versus the input
angle. In this case, it goes in the opposite sense with
respect to the polarizer angle. These results put into evi-
dence that the model of Lu and Saleh [8] breaks when
voltage is applied to the LCD. Nevertheless, the approxi-
mation of Coy et al. [13] is capable to explain this be-
haviour.

Finally, we present results when a maximum voltage is
applied to the LCD. It is obtained placing all the controls,
brightness, contrast and color, at maximum, and address-
ing a gray level 255 to the display. As shown in Fig. 5(c),
the maximum and minimum transmission tend to be con-
stant for all angles of the input polarizer. The relation
between the analyzer angle that gives the maximum trans-
mission and the polarizer angle is again linear, but now
there is no rotation on the polarization orientation (Fig.
6(c)). This is the expected result for a maximum voltage
situation.

5. Determination of the twist sense

We measured the rotation in the plane of polarization
when the local adiabatic regime is obtained. However, an
ambiguity remains in the sense of the rotation. The mea-
surements show that the twist angle can be either o=
+103° or @ = —77°. To solve this ambiguity, we analyze
the rotation induced in the polarization when a high volt-
age is addressed to the LCD, ie., for low values of B.
Input polarizer is placed at ¢, = 0, so maximum transmis-
sion is obtained for analyzer placed also at @, = 0. When
the voltage is decreased, $ increases and the emerging
light is no longer linearly polarized at the input orientation.
The angle of the analyzer that gives the maximum (rans-
mission will change, and the sense in which it changes
depends on the sense of the twist angle. Fig. 7 shows a
simulation of the experiment for both cases, o= +103

15 T i
g ] e
g 5 N il
< i T
e i \N
I .
g 20+———9%=+103 ™~
-15 T T ; i

0 10 20 30 40 &0
B (in degrees)

Fig. 7. Theoretical results for the analyzer angle that gives the
maximum transmission versus 8 for & =103 and a = —77".
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and @= —77°. The angle of the analyzer that gives the
maximum transmission is that angle that coincides with the
major axis of the polarization ellipse. Note that, as 8
increases, the polarization ellipse rotates in the opposite
sense with respect to the twist angle. We performed this
experiment for high values of voltage for our LCD. Be-
cause the analyzer angle that gives maximum transmission
goes to positive values when 3 increases, we conclude
that the twist angle is negative and consequently, it is
a==T7".

6. Conclusions

A method for determining the twist angle in twisted
nematic liquid crystal devices has been proposed. We
demonstrated, both theoretically and experimentally, that
local adiabatic behavior is obtained. In this situation, the
twist angle may be determined by measuring the rotation
in the polarization plane. Once the twist angle has been
measured, then the determination of the other parameters
{maximum birefringence and the location of the LC direc-
tor orientation) may be obtained by other procedures pro-
posed in the literature, which are simplified by the knowl-
edge of the twist angle.

We show that local adiabatic regime can be obtained
either by applying voltage to the LCD or by changing the
light wavelength. We show that in the off-state local
adiabatic behaviour can be obtained by changing the wave-
length. This shows that the model by Lu and Saleh [8] is
exact when no voltage is applied to the display. Then, the
twist angle can be obtained with high accuracy by measur-
ing the rotation in the polarization plane when a local
adiabatic point is obtained.

When a voltage is applied, local adiabatic behaviour
can be obtained, but it can be affected by the LC layers
close to the surfaces that do not tilt. We show that the
model of Lu and Saleh [8] breaks down for high values of
voltage. We used an approximation that censiders the
surface layers proposed by Coy et al. [15]. With this
approximation, local adiabatic points are equivalent to the
adiabatic regime valid for thick LCD. The simple tech-
nique proposed to measure ¢ is affected when voltage is
applied to the display. Consequently, it is more convenient
to use it in the off-state of the display. We give a theoreti-
cal explanation of all these situations in terms of the Jones
matrix theory.
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