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TITLE OF INVENTION

METHOD AND APPARATUS FOR MEASURING THICKNESS OF

BIREFRINGENCE LAYER

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a method and
apparatus for heasuring a thickness of a birefringence layer
of an object to be measured such as liquid crystal.
Description of the Prior Art

In a prior art apparatus for measuring a thickness
of a liquid crystal layer, a liquid crystal cell to be
measured is placed between a polarizer and an analyzer. A
light source generates a light having a pluralitf of
wavelengths, and a moncchrometer or a spectrometer receives
the light and generates a light having a single wavelength A.
The light is passed through the polarizer, the liquid crystal
layer and the analyzer successively, and the light transmit-
ting the analyzer is detected by a photosensor. The direction
of transmission axis of the polarizer is parallel to the
rubbing direction of the incident side of the liquid crystal
cell. The liquid crystal to be measured has a liquid crystal
twist angle of about 90°. .

A thickness of a liquid crystal layer is measured

with the apparatus described above. If the wavelength of a
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light emitted by the monochromatic meter is represented as A,
the transmittance T of the light transmitting the polarizer,

the liquid crystal and the analyzer is expressed as follows:

Tesin? ( (x/2)yI7a3) / (1+u?),
(1)

where

u=2And/A,

An denotés a degree of birefringence of liquid crystal or a
difference between a normal index of refraction and an
abnormal index of refraction, and 4 denotes a thickness of the
liquid crystal layer. Then, Eg. (2) is derived from Eq. (1)
if the wavelength at which the transmittance T becomes.zero

is denoted as Ag.

d=As/Anxym*-174,
(2)
where
m=1, 2, 3,

Thus,- the wavelength at which the optical intensity detected
by the photosensor becomes zero, or the wavelength Ay at which
the transmittance T becomes zero is determined by changing the
wavelength of the monochromatic meter. Then, the wavelength
Ag is substituted in Eg. (2), the thickness d of the liquid

crystal layer is determined.



'_“’

dh

" This gp,

//II/I///III/////I/I/WM

However, the method explained above haé several
disadvantages. First, a liquid crystal layer on which the
thickness can be measured is limited to a layer having a twist
angle of about 90°. Further, it is needed to make the rubbing
direction of the liquid crystal cell to the transmission
direction of the two polarizers, the rubbing direction has to
be known. However, it is usually difficult to measure the
rubbing direction, and it is impossible to set the rubbing
direction of the liquid crystal correctly to agree with the
transmission direction of the two polarizers. Further,
because the monochromatic meter or a spectrometer is needed,
a time of about one minute is needed for measurement.
Therefore, it camnot be applied to uses such as in_-_-_line
inspection that need a high speed processing. Finally,
because the monochromatic meter or a spectrometer is used, the
apparatus has a complicated structure, and its cost is high.
SUMMA.RY OF THE INVENTION

An object of the present invention is to provide a
method and an apparatus for measuring a thickness of a
birefringence layer correctly and at a high speed enough for
in-liﬁe inspection, even for a liquid crystal that does not
have a twist angle of 90° or on which rubbing direction is not
known, and can be fabricated at a low cost.

In one aspect of the invention, a thickness of a

birefringence layer is measured as follows: BAn object to be
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measured having a birefringence layer such as a liquid crystal
cell and a phase plate are provided in an optical path of a
light between first and second polarizers in parallel Nicol
or in crossed Nicol arrangement. The phase plate is set so
that a direction of transmission of the first polarizer agrees
with an optical axis of the light. Then, the phase plate is
rotated while detecting an optical intensity of .1light
transmitting the second polarizer. Thus, a rotation angle of
the phase plate is determined at which the optical intensity
has an extreme value. .Then, a thickness of the birefringence
layer is calculated according to the rotation angle at the
extreme value.

In a second aspect of the invention, a thickness of
a birefringence layer having an orientation direction such as
a liquid crystal having rubbing direction is measured in a
different way as follows: In this method, a A/2 plate (half-
wave plate) is used as the phase plate, and the object to be
measured having a birefringence layer is set so as to be
rotated. First, the object is rotated, and it is set at a
position so that an optical intensity of light transmitting
the éecond polarizer has an extreme value. Next, the A/2
plate is rotated, and a rotation angle of the A/2 plate is
determined at which an optical intensity of light transmitting

the second polarizer has an extreme value. Then, a thickness
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of the birefringence layer is calculated according to the
rotation angle of the A/2 plate.
| An advantage of the present invention is that the

thickness is measured at a high speed.

Another advantage of the present invention is that
a liquid crystal cell having a twist angle other than 90° can
be measured.

A further advantage of the present invention is that
the thickness can be measured with a very simple optical

system.

- BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the present
invention will become clear from the following'descrip;ion
taken in conjunction with the preferred embodiments thereof
with reference to the accompanying drawings, and in which:

Fig. 1 is a diagram of a basic optical system for
a method for measuring a thickness of birefringence layer of
a first embodiment of the invention;

Fig. 2 is a diagram of a flow of the measuring
method of the first embodiment;

| Fig. 3 is a diagram for explaining coordinates in
the optical system of the embodiment;

Fig. 4 is a graph of detected intensity plotted

against angle of rotation of a phase plate in a case of the
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polarizers in parallel Nicol and the phase differences & of
the phase plate 4 of A/8 where A is a wavelength;

Fig. 5 is a graph of detected intensity plotted
against angle of rotation of a phase plate in a case of the
polarizers in crossed Nicol and the phase differences § of the
phase plate 4 of \/8;

Fig. 6 is a graph of detected intensity plotted
against angle of rotation of a phase plate in a case of the
polarizers in parallel Nicol and the phase differences & of
the phase plate 4 of \/4;

Fig. 7 is a graph of detected intensity plotted
against angle of rotation of a phase plate in a case of the
polarizers in crossed Nicol and the phase differences & of the
phase plate 4 of A/4;

Fig. 8 is a graph of detected intensity plotted
against angle of rotation of a phase plate in a case of the
polarizers in parallel Nicol and the phase differences 5 of
the phase plate 4 of A\/2;

Fig. 9 is a graph of detected intensity plotted
against angle of rotation of a phase plate in a case of the
polarizers in crossed Nicol and the phase differences & of the
phase plate 4 of A/2;

Fig. 10 is a diagram of an apparatus for measuring

a thickness of birefringence layer;
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Fig. 11 is a diagram of another basic optical system
for measuring a thickness of birefringence layer of a second
embodiment of the invention;

Fig. 12 is a diagram of a flow of the measuring
method of the second embodiment; and

Fig. 13 is a diagram of another apparatus for
measuring a thickneés'of birefringence layer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, wherein 1like
reference characters designate like or corresponding parts
throughout the several views, Fig. 1 shows a basic optical
system for measuring a thickness of a birefringence layer of
a first embodiment of the invention. 1In Fig. 1, a single
wavelength light source 1 such as a laser device emits a iight
of a wavelength A. Along the optical axis 10 of the light,
a polarizer 2, a liquid crystal layer 3 contained in a liquid
crystal cell, a phase plate 4, another polarizer 6 and a
pPhotosensor 7 are arranged successively. The liquid crystal
layer 3 is an example of an object to be measured having a
birefringence layer, and it has ordinary index n, and extraor-
dinafy index n,. The object 3 is provided between the two
polarizers 2 and 6 that are set in parallel Nicol or in
crossed Nicol arrangement. The phase plate 4 having a phase

difference § is provided between the two polarizers 2, 6.



LIT

ag

Thus, the photosensor 7 detects a light transmitting the
second polarizer 6.

Next, it is explained with reference to a flowchart
of Fig. 2 how a thickness of the birefringence layer 3 is
measured with use of the optical system having the above-
mentioned structure. First, the first polarizer 2 and the
second one 6 are set in parallel Nicol or crossed. Nicol
arrangement with a liquid crystal layer 3 interposed between
them (step S2). Next, the optical axis of the phase plate 4
is set to agree with the transmission axis of the first
polarizer 2 (step S4). Then, the phase plate 4 is rotated,
and a rotation angle « at which the detection intensity of the
photosensor 7 has an extreme value is measured (step 56) .
Then, the rotation angle o measured is substituted into Eq.
(11) explained later, and the thickness of the birefringence
layer (liquid crystal layer) 3 is calculated (step S8).

Next, a principle of the above-mentioned method for
measuring the thickness of a birefringence layer (liquid
crystal layer) is explained with reference to numerical
formulas.

| Fig. 3 shows coordinates of the optical system shown
in Fig. 1. In Fig. 3, reference numeral 10 denotes the
transmission axis of the polarizer 2, and an angle relative
to x axis is denoted as e,. Reference numeral 11 denotes a

rubbing direction at the incoming side of the liquid crystal
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" 3, and an angle relative to x axis is taken as ¢. Reference

numeral 12 denotes the rubbing direction of the liquid crystal
cell at the outgoing side, and a twist angle defined as an
angle between the rubbing directions at the incoming side of
the cell and at the outgoing side is taken as 8. The rubbing
direction represents a direction of the 1liquid crystal
orientation in the liquid crystal cell. Reference numeral 13
denotes the optical axis of the phase plate 4, and an angle
relative to x axis is taken as a. Reference numeral 14
denotes the transmission axis of the polarizer 6, and an angle
relative to x axis is taken as e,. ‘

By using the coordinates stated above, a light

transmitting through the polarizer 2 is written in Eq. (3) by

using Jones wvector A.

cos(e,)

A=(sin (e.) ) ’

(3)

Further, Jones matrix B of the liquid crystal 3 is
written in Eq. (4), Jones matrix C of the phase plate 4 is
written in Eq. (5), and Jones matrix D of the other polarizer

6 is written in Bg. (6).
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p+qi r+si)
r 4

B=exp (~in) (-r+si p-gi

(4)

where
p=cos(y)cos(8)+(6/y)sin(y)sin(8),
g=—(B/y)sin(y) cos(8+29),
=-cos (y)sin(8) +(8/y) sin(y) cos(8),
g=-(B/y)sin(y)sin(8+29),
.Y=‘/B2_+92"
n=d{n_+n,)n/A,
and

B=d{n,n,)®/A.
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exp (i8/2) 0
&R(a)( 0 exp(-iﬁ/Z))'

(5)
where

R(D) = cos6 -s:mﬂ].

sin® cosd

~R(e,) (3 2)R(-ex) .

(6)
Therefore, Jones vector E(E,, Ey) of a light

transmitting the polarizer 6 is written in Eg. (7), and the

intensity F detected by the photosensor 7 is written in Egq.
(8) -

(7)°
F=|E,[2+| B, [?.
(8)

Generality is not lost if the direction of the

transmission axis of the polarizer 2 is taken as e, = 0.

Then, e, is set as zero. Then, the direction of the transmis-
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sion axis e, of the other polarizer 6 is set to have e, = 0°
for parallel Nicol or 90° for crossed Nicol.

In case of parallel Nicol,:the intensity F1 detected
by the photosensor 7 is written as Eg. (9), and in case of
crossed Nicol, the intensity F2 detected by the photosensor

7 is written as Eg. (10).

F12F gte0, ex=0 .
=—i; {{-p%-g?+r2+32%) cos (8) +p?+g?-r?-s?}cos (4a)
+—;‘- {{pr-sq)cos (8) -pr+sg}sin(4a) -{ps+gr)sin(8)sin(2«)

+% {p?+g?-r?-s?}cos(8) +% (p2+q?) +-i= (r3+s?).

()

7, =Fet=0 L ax= -’2-'-

=% {(p%+g?-r?-52%)cos (B8) —p?-g2+ri+s?}cos (4a)
+% {(-pr+sqg)cos(8) +pr-sqglsin(4«) +{(gr+ps)sin(8)sin(2a)

+% {-p?-g?+r?+s?}cos (§) +% (p?+g?) +% (r2+s?).

(10)
Next, simulation of the detection intensities F1 and
F2 is performed with simulation conditions compiled in Table

1.
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Table 1
Degree of birefringence of liquid crystal 0.1 1
(An=n_-n,}
Twist angle of liquid crystal (@) 88°
Rubbing direction'of liquid crystal (¢) 46° 1
Thickness of liquid crystal layer (d: um) 5.0
Measurement wavelength (A: nm) 653

Figs. 4 - 9 show relations of the intensity detected
with the photosensor 7 for parallel Nicol or for crossed Nicol
to the rotation angle o of the phase plate 4. Table 2 shows
a relation of the polarization state of the phase difference
of the phase plate 4 and the polarizers 2 and 6 to the number
of the drawings. In other words, Fig. 4 shows a case of the
polarizers in parallel Nicol and the phaée differences & of
the phase plate 4 of A\/8; Fig. 5 shows a case of the polariz-
ers in crossed Nicol and the phase differences § of the phase
plate 4 of \/8; Fig. 6 shows a case of the polarizers in
parallel Nicol and the phase differences § of the phase plate
4 of ‘A/4; Fig. 7 shows a case of the polarizers in crossed
Nicol and the phase differences & of the phase plate 4 of A/4;
Fig. 8 shows a case of the polarizers in parallel Nicol and
the phase differences & of the phase plate 4 of A/2; and Fig.
9 shows a case of the polarizers in crossed Nicol and the

phase differences & of the phase plate 4 of A/2.
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Table 2
{
' Number of Phase difference Polarization
drawing & condition

4 A/8 Parallel Nicol
5 \/8 Crossed Nicol
6 N4 Parallel Nicol
7 A4 Crossed Nicol
8 A2 Parallel Nicol
9 A2 Crossed Nicol

As will be understood from Figs. 4 - 9, the optical
intensity detected by the photosensor 7 has an extreme valué
irrespective of phase difference of the phase plate 4 and.the
polarization state. The rotation anéle o of the phase plate-
4 at an extreme value can be determined by differentiating

Egs. (9} and (10) with o, as shown in Egs. (11) and (12).

OF; _
W-Ot

~{{p?+g?-r?-s2)cos (8) -p?-g2+r2+s?}sin(4a)
+2 { (pr-sqg) cos (8) -pr+sglcos (4a)
-2 {ps+gr)sin(8)cos(2a) =0.

(11)
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~{{p2+g?-r?-s?) cos (3) ~-p2-g2+r23+s?}sin(4a)
+2{(pr-sq)cos (8) -pr+sqg}cos (4a)
-2 (ps+gr)sin(8)cos (2a) =0.

(12)
By observing the two equations, it is found that Eq. (11) is
the same as Eqg. (12). )

If difference in ordinary and extraordinary indices
of liquid crystal (An=n.-n,), twist angle of liquid crystal
(8), rubbing direction of liquid crystal (¢), the measurement
wavelength (A), the phase difference (§) of the phase plate
and the rotation angle o« of the phase plate at an extreme
value are known in Eq. (11), only the thickness d of liquid
crystal layer is not known. Then, the thickness d can be
determined by solving Eq. (11).

The precision of the measurement of the thickness
of the liquid crystal layer is determined by the measurement
precisio'n of the rotation angle o of the phase plate 3.
Precision of thickness of 10 nm can be obtained with precision
of rotation angle of 0.05°. The measurement is completed in
a time where the phase plate 4 is rotated by several degrees
or in about one second. Thus, it is an advantage that the
measurement is performed at a high speed.

As described above, according to the present

embodiment, the intensity detected by the photosensor 7 is
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changed by rotating the phase plate 4. Then, a rotation angle
a at which the intensity has an extreme value is measured, and
the thickness d of the liguid crystal layer is determined at
a high precision according to Eg. {(11).

Fig. 10 shows an apparatus for measuring a thickness
of a birefringence layer. In Fig. 10, 1like reference
characters denote substantially the same components shown in
Fig. 1. A rotating means 5 rotates the phase plate 4. A
controller 8 controls the rotating means 5 on the basis of
signals of the photosensor 7, and a computer 9 calculated the
thickness d of the liquid crystal 3 as an object to be
measured according to the rotation angle of the phase plate
4 with the. controller 8.

A method of measuring a thickness of a birefrinéence
layer in the optical system having the above-mentioned
structure is explained with reference to the flowchart of Fig.'
2. The birefringence-layer such as a liquid crystal cell has
an orientation.di;gction at an incidence side thereof. First,
the polarizers 2 and 6 are set in parallel Nicol or crossed
Nicol arrangement with a liquid crystal cell 3 set on the
rotaﬁing means 5 between them. Next, the optical axis of the
phase plate 4 is set to agree with the transmission axis of
the polarizer 2. Then, the phase plate 4 is rotated by the
controller 8 and the rotating means 5, and a rotation angle

o at which the detection intensity of the photosensor 7 has
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an extreme value is measured. Then, the rotation angle « is
substituted into Eq. (11), and the thickness of the birefrin-
gence layer (liquid crystal layer 3) is calculated with the
computer 9. Thus, the thickness of the birefringence layer
(liquid crystal layer 4) is calculated.

The present embodiment has several advantages.
Because the thickness can be measured with a very simple
optical system, a measurement apparatus can be provided at a
low cost. Further, because the measurement can be performed
at a high speed, the number of samples can be increagsed from
sample test to total inspection. Thus, a yield in a fabrica-
tion process that uses this apparatus may be increased. Still
further, because samples of the twist angle of liquid crystal
other than 90° can be measured in contrast to prior art,
various liquid crystals can be measured.

Though a simple phase plate 4 is used in the embodi-

- ment, it is needless to say that a Babinet Soleil compensator

having a combinat;on of phase plates may alsoc be used.

In the embodiment, a liquid crystal layer is an
object to be measured. However, the object is not limited to
liquia crystal, and a thickness of any object having
birefringence can be measured.

Next, a second embodiment of the invention is
explained for measuring a thickness of a birefringence layer.

Fig. 11 shows a basic optical system of the second embodiment
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wherein like reference characters denote substantially the
same components shown in Fig. 1.

Next, it is explained with reference to a flowchart
shown in Fig. 12 how a thickness of a birefringence layer such
as a liquid crystal layer is measured in the above-mentioned
optical system. First, the polarizers 2 and 6 are set in
parallel Nicol or crossed Nicol arrangement (step S10). . Then,
the liquid crystal 3 is rotated, and it is set at a position
where the detection intensity of the photosensor 7 has an
extreme value (step S12). Next, the optical axis of the A/2
plate (half-wave plate) 16 is set to agree with the transmis-
sion axis of the polarizer 2 (step S14). Then, the A/2 plate
16 is rotated, and a rotation angle o at which the detection
intensity of the photosensor 7 has an extreme valué is
measured (step S16). Then, the rotation angle « is substitut-
ed into Eg. (18) explained later, and the thickness of the
birefringence layer (liquid crystal layer) is calculated (step
s18).

Next, a principle of the wmeasuring method 1is
explained with reference to numerical formula, and it is shown
that.the thickness of a liquid crystal layer can be measured
even if the rubbing direction ¢ of liquid crystal is not
known.

When the A/2 plate 16 is not used, Jones vector

G(Gy, G,) of a light transmitting the polarizer 6 is written
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in Eq. (13), and an intensity H detected by the photosensor

7.1is written in Eg. (14).

o=

(13)
H={G,[*+]G, |2

(14)

Generality is not lost if the direction of the
transmission axis e, of the polarizer 2 is taken as e, = 0, as
in the first embodiment. Then, e, is set at zero. Then, the
direction of the transmission axis e, of the other polarizer
6 is taken at 0° for parallel Nicol or at 90° for créssed
Nicol.

In case of parallel Nicol, the intensity H1 detected
by the photosensor 7 is written in Eq. (15), and in case of
crossed Nicol, thg intensity H2 detected by the photosensor

7 is written in Bg. (16).
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Hy=Hypag, ax=0
=p2+qg?
=cos?(y) cos? (0) +76Y-sin(21) sin (26)

i:-%;:sinz (v} sin?(6) -*'-‘;L:sin2 (Y) cos?(6+2¢) .

(15)
HZ:Hetso.w.;_
=r2+g2?
=cos? (y) sin?(0) --%sin(zy) sin (28)
(16)

1 be understood from Egs. (15) and (16}, the fourth terms in
Egs. (15) and (16) change as the liquid crystal layer 3 is -
rotated, and the detection intensity is changed.

The wvalue at an extreme value of the detection
intensity is determined as ¢ where partial differentials of
Egs. (15) and (16) with ¢ become zero, and it is shown in Eq.

(17) .
$=(mxr-2x0) /4,
(17)

wherein m is an integer.
By using Egq. {(17), elements g and s of a Jones

matrix of the liquid crystal layer related to the rubbing
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direction ¢ of the liquid crystal c¢ell has values shown in
Table 3, and they are not relevant to the rubbing direction

¢ of the liquid crystal cell.

Table 3

‘l Polarization Extreme q s "
state values |
Parallel Nicol Maximum +(B/y)sin(y) 0 |
Parallel Nicol Minimum 0 +{B/y)sin(y)

. Crossed Nicol Maximum 0 +(B/v)sin(y)
Crossed Nicol Minimum +(B/v)sin(y) 0

=]

When these values are substituted in Eq. (11), éigns
of + are deleted in the first and second terms in the left
hand side because they are terms of g2, s? or gs. On the
other hand, because a sign of : remains in the third term of
{(ps + gr), the thickness of the liquid crystal layer cannot
be determined uniéﬁely. However, because the A/2 plate 16 is
used, sin § = sin v = 0 in the third term in Eq. (11). Thus,
there exist no term depending on the sign +.° Thus, the
thickness of liquid crystal layer can be determined uniquely.

By substituting 7 in the phase difference § in Eq.

(11) and by using Table 3, Eg. (18) is obtained.
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2pr
r2+gi-p2-g? )

tan{4e) =

(18)

If difference between extraordinary and ordinary
indices of liquid crystal (An=n.-n,), twist angle of liquid
crystal (8), the measurement wavelength (A) and the rotation
angle o of the phase plate at an extreme value are known in
Eg. (18}, only the thickness d of the liquid crystal layer is
not known. Then, the thickness d can be determined by solving
Eg. (18).

Fig. 13 shows an apparatus for measuring a thickness
of birefringence layer wherein 1like reference numbers
represent like components having the same function. A
rotating meéns 15 rotates the liquid crystal layer 3.. A
controller 17 controls the rotation of the rotation means 15
for the liquid crygtal layer 3 and the rotating means 5 for
the phase plate 16. A computer 18 calculates the thickness
d of the liquid-_ crystal 3 as an object to be measured
according to the rotation angle of the A/2 plate 16 obtained
with the controller 17.

| A method of measuring a thickness of a birefringence
layer in the optical system in the apparatus is explained with
reference to the flowchart of Fig. 12. First, the polarizers
2 and 6 are set in parallel Nicol or crossed Nicol. Next, the

liquid crystal layer 3 is set on the rotating means 15
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therefor, and it is rotated by the rotating means 15 con-
trolled by the controller 17. Thus, it is set at a position
at which the detection intensity of the photosensor 7 has an
extreme value. Next, the optical axis of the A/2 plate 16 is
set to agree with the transmission axis of the polarizer 2.
Then, the A/2 plate 16 is rotated by the rotating means 5
means 17 controlled by the rotation means 17, and a rotation
angle o at which the detection intensity of the photosensor
7 has an extreme value is measured. Then, the rotation angle
o is substituted into Eg. (18) as explained above, and the
thickness of the liquid crystal layer is calculated with the
computer 18.

As described above, advantages similar to thosg in
the first embodiment are réaliiéd. Further, by rotatiné the
liquid crystal layer 3 to set it at an extreme value, the
thickness of the liquid crystal layer (birefringence layer)
is determined correctly according to the rotation angle of the
A/2 plate even if.;he rubbing direction of the liquid crystal
is not known.

Although the présent invention has been fully
described in connection with the preferred embodiments thereof
with reference to the accompanying drawings, it is to be noted
that various changes and modifications are apparent to those
skilled in the art. Such changes and modifications are to be

understood as included within the scope of the present
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invention as defined by the appended claims unless they depart

therefrom.
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WHAT 1S CLAIMED IS:
1. A method for measuring a thickness of a
birefringence layer comprising the steps of:

(a) providing an objec; to be measured having a
birefringence layer in an optical path of a light between
first and second polarizers in parallel Nicol or in crossed
Nicol;

(b) providing a phase plate between the first and
second polarizers so that a direction of transmission of the
first polarizer agrees with an optical axis of the light;

(c) rotating the phase plate, and measuring a
rotation angle of the phase plate at which an optical
intensity of ;ight transmitting the second polarizer has an
extreme value;';nd |

{(d} calculating a thickness of the birefringence
layer according to the rotation angle of the phase plate.

2. The method according to Claim 1, wherein said phase
plate comprises a.Eabinet-Soleil compensatof.

3. The method according to Claim 1, wherein said
birefringence layer comprises a liquid crystal layer.

4. An apparatus for measuring a thickness of a
birefringence layer comprising:

a light source emitting a light having a single

wavelength;

This Sheet Has Been Rzilaced
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first and second polarizers set in parallel Nicol
or iﬁ crossed Nicol in an optical path of the light;

an object to be measured having a birefringence
layer and provided between said first and second polarizers;

a phase plate provided between said first and second
polarizers; and

a photosensor for detecting a light transmitting the
second polarizer.

5. The apparatus according to Claim 4, further
comprising a means for rotating said phase plate.

6. - The apparatus accoiding to Claim 4, wherein said
phase plate comprises a Babinet-Soleil compensator.

7. The apparatus according to Claim 4, wherein said
birefringence layer comprises a liquid crystal layer.

8. A method for measuring a thickness of a
birefringence layer, the birefringence layer having an
orientation direction at an incidence side thereof, the method
comprising the steps of:

{(a) providing an object to be measured having a
birefringence layer in an optical path of a light between
first'and second polarizers in parallel Nicol or in crossed
Nicol;

(b} rotating the object, and setting a position of
the birefringence layer so that an optical intensity transmit-

ting the second polarizer has an extreme value;
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(¢} providing a A/2 plate between the first and
second polarizers so that a direction of transmission of the
first polarizer agrees with an cptical axis of the light;

(d) rotating the MA/2 plate, and measuring a
rotation angle of the A/2 plate at which an optical intensity
transmitting the second polarizer has an extreme value; and

(e} calculating a thickness of the birefringence
layer according to the rotation angle of the A/2 plate.

9. The method according to Claim 8, wherein said
birefringence layer comprises a liquid crystél layer.

10. An apparatus for measuring a thickness of a
birefringence layer comprising:

a light soﬁrce emitting a light having a single
wavelength;

first and second polarizers set in parallel Nicol
or in crossed Nicol in an optical path of the light;

an object. to be measured having a birefringence
layer in an opticg; path of a light between first and sgcond
polarizers in parallel Nicol or in crossed Nicol;

a A/2 plate provided between the first and second
polarizers; and

a photosensor for detecting a light transmitting

said second polarizer.
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11. The apparatus according to Claim 10, further
comprising a first means for rotating said object, and a
second means for rotating said A/2 plate.

12, The apparatus according to Claim 10, wherein said

birefringence layer comprises a liquid crystal layer.

i



