Specification as at 25 07 05 1 DESCRI PTION METHOD FOR MEASURI NG GAP OF
LI QUI D CRYSTAL CELL TECHNI CAL FIELD 5 The present invention relates to a
nmet hod for neasuring the gap of a liquid crystal cell filled with a liquid
crystal. There are transm ssive liquid crystal Sgkifeatidd avdtreatogdswi th a
backl i ght fromthe backside and reflectilve |liquid crystal cells utilizing
natural light. The present 10 invention is applicable to both the
transm ssive and reflective liquid crystal cells. BACKGROUND ART A
transm ssive liquid crystal cell has a structure as shown in Fig. 8, where
glass layers 31, 32 constitute IEIGRERIPEE! nost | ayer and the | ower npst
| ayer, respectively, and transparent electrode filnms 33, 34 are fornmed on
the inner sur MEEEPLHIFQHMEAHRING YRR Fl LIIRIDr &RYSTAEIvERLL  Furt hernore,
alignment filns (not shown) are formed on the inner 'surfaces of the
transparent electrode films 33, 34, 20 which are each rubbed at a
predeterm ned angle. A liquid crystal 15a is sealed in between the
al i gnnent TECHEICRA FEFRBDcase of a color liquid crystal cell, a color
filter is disposed on the (inner surface of the) upper glass layer 31. 25
Fi g. 9 411 ustratEse phresentuatwsre iofn relefbecl ¥yRethgaird Spesiditagion as at
25 07 05 .
thegapofaaliquidcrystalcellfilledwithaliquidcrystal.
There are transmissive liquid crystal cells
illuminatedwith abacklight fromthe backside and reflective
liquid crystal cells utilizing natural light. The present
10 invention is applicable to both the transmissive and
reflective liquid crystal cells.
BACKGROUND ART
A transmissive liquid crystal cell has a structure
as shown in Fig. 8, where glass layers 31, 32 constitute
15 the uppermost layer and the lowermost layer, respectively,
and transparent electrode films 33, 34 are formed on the
inner surfaces of the glass layers 31, 32, respectively.
Furthermore, alignment films (not shown) are formed on the
inner surfaces of the transparent electrode films 33, 34,
20 -which_are each rubbed at a predetermined angle. A liquid
crystal 15a is sealed in between the alignment films. In
the case of a color liquid crystal cell, a color filter is
disposed on the (inner surface of the) upper glass layer

31.

25 Fig. 9illustrates the structure of a reflective liquid



2 crystal cell. \Wen conpared with the transm ssive liquid crystal cell,
this is different fromthe transmssive liquid crystal cell in that a
reflective netal film35 is formed in lieu of the transparent el ectrode 34
on one side. An 5 alignnment filmis fornmed on t hepesificdtamesscit 25108 05ef | ecti ve
metal film 35, which is rubbed at a pre8eterm ned angle. Suppose that the
t hi ckness (cell gap) of the liquid crystal contained in a liquid crystal

cell is represented by d. 10 There has been a conventional nethod for
nmeasuring the cell ?ap d of aliquid crystal cell, in which light is
directed FroftaboveliheWben| campased vighi therysansminsbeeetighedein so

that interference of light waves is neasured to obtain the thickness of
the air | age¥stahiahll sthégadrdddfasrene fI1®m hhekmessndfsstive liquid cryst al
cell (Interferometry). However, the thickness of the air layer before
i nj ection 6fyshall cglldierysatala aed levdtl vef meti@ll i£Glind36r yst &brmesl | after
injection of the liquid crystal are not identical in a strict sense.
Accordi ngl yn déesl opi rfpea tremispd reoit 20, editirectd \3 dreas wriengs idee. tavh ckness of
a cell after injection of a liquid crystal has been antici pated. Another
known nfet hadigsmantefhbd is fvhirgdd tohe thei seffbrgentetiod i bxiwlverystal s
that liquid crystals have is utilized in such a manner that a linearly
pol ari zed @&tsdbnPdhendspf whight i of rabbéghit souscedétseimiiogueeshdnto a
Specification as at 25 07 05
Suppose that the thickness (cell gap) of the liquid
crystal contained in a liquid crystal cell is represented
by d.
10 There has been a conventional method for measuring the
cellgapdofaliquidcrystal cell, inwhich light is directed
from above the cell without liquid crystal injected therein
so that interference of light waves is measured to obtain
the thickness of the air layer, which is regarded as the
15 thickness of the liquid crystal cell (Interferometry).
However, the thickness of the air layer before
injectionof the liquidcrystal and that of the liquid crystal
cell after injection of the liquid crystal are not identical
in a strict sense. Accordingly, developing a method for
20 directly measuring the thickness of a cell after injection
of a liquid crystal has been anticipated.
Ancther known method is a method in which the
birefringence of uniaxial crystals that liquid crystals have

is utilized in such a manner that a linearly polarized

25 component of light of a light source is introduced into a



3 liquid crystal cell filled with a liquid crystal (hereinafter referred
to as the "sanple"), and the intensity of the transmtted |light in a cross
Ni col state and the intensity of the sane in a parallel N col state are
each neasured. 5 Based on these intensities, a [Bpeeificatigpentat@hadsds
difference (which is called "retardati®n”) of the liquid crystal is
determ ned, fromwhich the cell gap is obtained. (Refer to H L. Ong,

Appl . Phys. Lett. 51 (18), 2 Novenber 1987, ppl398-1400, etc.) 10
Incidentally, in the foregoing nmethod, since light is directed to one side
of the sanpieauad¢nvedali ghtl £halepas thheénaud dasstedd (hdrolmhftée sanpl e
is measured, the light source and the photodetector of the neasurenent
syst em ar eregpposéd tro ssactheot heammi ¢h) r egpdctheo iensdny enf Rdiet his 15
reason, a problemarises in that the measurenent systemhas to be |large
and cannot tbengoiphetl 1ighki Zen al nraddiNion] siatee ahkdetheoragoemgi et hod
nmeasures |ight transmtted through the sanple, it is inapplicable, in
princi pl e, ofothef bemti vp &igaradlteysiatoteststé hate doadiotme2usdd ow | i ght
to pass through. It is therefore an object of the present invention to
provi dé a Besaddrf bheseasitrd g wgiags ,0f bi i o iegerst shaeel dir Mdriehcd s capabl e
of nmeasuring the gaps of liquid crystal cells and applicable to both
transm ssi yehaod feftetléde™26thiqut dokr yséal tige! 1 squidideysddowiag the
size of the Specification as at 25 07 05

determined, from which the cell gap is obtained. (Refer to
H. L. Ong, Appl. Phys. Lett. 51 (18), 2 November 1987,
ppl398-1400, etc.)

10 Incidentally, in the foregoing method, since light is
directed to one side of the sample and the 1light that has
been transmitted through the sample is measured, the light
source and the photodetector of the measurement system are
opposed to each other with respect to the sample. For this

16 reason, a problem arises in that the measurement system has
to be large and cannot be compact in size.

In addition, since the foregoing method measures 1ight
transmitted through the sample, it is inapplicable, in
principle, to reflective liquid crystal cells that do not

20 allow light to pass through.

It is therefore an object of the present invention to
provide a method for measuring gap of liquid crystal cell
which is capable of measuring the gaps of liquid crystal
cells and applicable to both transmissive and reflective

256 liquid crystal cells, while allowing the size of the



4 measurenment systemto be conpact. DISCLOSURE OF THE | NVENTION (1) A

met hod for nmeasuring the gap of a liquid crystal cell according to the
present invention conprises the 5 follow ng steps (a)-(g), wherein an angle
of incidence (err)l and an angle of reflecti on Scdicatioeds dt@8H7t0Han 10
respectively: (a) a step of neasuring a4reflection intensity Si in a cross
Ni col state by selecting a conponent with a 10 pol arization angle of 01
fromlight of a |light source and introducing the conponent into a liquid
crystal cell prepared as a sanple using a polarizer, and passing |ight
reflected MPRSHTERENEI UFECEr St BF €eMPachrough an anal yzer; (b) a step of
nmeasuring a reference reflection intensity 15 Refl in a condition where

t he anal yz8tSF5OCHEBRRCAREITHY SWVENTIRAY a conponent with a pol arization
angle of 01 fromlight of the light source and introducing the conponent
into a referencéludi ngthhd fwif mepsaringciha sstpepfaf ligasdréngswalef | ecti on
intensity S2 in 20 a cross Nicol state by selecting a conponent with a

pol ari zat i ealangrecnfiing feohhéi ghesehtt hevénghonsoompeiaed thatroduci ng

t he conponent into the liquid crystal cell using the polarizer, and

passi ng | i bl loeihgcseehd ram- ke Im@@mélncansé@¢l@ahi1hhﬁ@&@hethﬁlana|yzer

25 (d) a step of neasuring a reference reflection -- - - ------- - --------
- and an angle of reflection w2 are set less than
10° respectively:
(a} a step of measuring a reflection intensity S1 in
a cross Nicol state by selecting a component with a
10 polarization angle of #l from light of a light source and
introducing the component intoaliquidcrystal cell prepared
as a sample using a polarizer, and passing light reflected
from the liquid crystal cell through an analyzer;
{b) astepofmeasuringareferencereflectionintensity
15 Reflinaconditionwheretheanalyzer isdetachedbyselecting
a component with a polarization angle of #l1 from light of
the light source and introducing the component into a
reference using the polarizer;
(c) a step of measuring a reflection intensity S2 in
20 a cross Nicol state by selecting a component with a
polarization angle of €2 from light of the light source and
introducing the component into the liquid crystal cell using
the polarizer, and passing light reflected from the liquid

crystal cell through the analyzer:

25 (d) a step of measuring a reference reflection



Specification as at 25 07 05 5 intensity Ref2 in a condition where the
anal yzer is detached by selecting a conponent with a polarization angle of
92 from light of the Iight source and introducing the conmponent into the
reference using the polarizer; 5 (e) a step of c3Hlecificationng = 2587106 bet ween
the measured intensities SI Ref2/S2 Refl and determ ning the gap of the
liquid crystal cell based on the ratio between the neasured intensities Sl
Ref2/S2 Refl; (f) a step of determning reflection intensities at 10 a
cross Nicol state theoretically for a plurality of liquid crystal cells
havi ng di f FBFERE1EEIRefphps AcPRILRéonpUhere Lhe om byt ed sséetaoche®d and 02;
and (g) a step of conparing the ratio between neasured intensities Sl1-

Ref 2/ S2Ref bywidleqtbiripps dmetpeeamtt heth% phearetachabharddiees fioRefiraef | ecti on
intensities so that a value of cell gap corresponding to the cl osest

t heor et i calighhtahsheyl kgt souscdeirnt nnedducibg the cgapoaknthintd qui d
crystal cell. The "light of the |light source" nentioned above may 20 be
monochr omathe reghrencepokbyodrbhat polargherfe.g. white light). In the case
of monochromatic light, the measurement of the reflection intensity can be
ef fectéd directl yeby atephdt odétetbving@rhhéodideredrante neadleegase of
polychromatic |ight, the neasurenent of reflection intensity is effected
25 by a phbhodeseties Sl ararspeet-rReEL @hd determining the gap of the

liquid crystal cell based on the ratio between the measured
intensities S1 * Ref2/S2 * Refl;
(£) a step of determining reflection intensities at
10 a cross Nicol state theoretically for a plurality of liquid
crystal «cells having different cell gaps with the
pelarization angles set to 61 and 02; and
(g) a step of comparing the ratioc between measured
intensities S1 +Ref2/32 *Refl with ratios between the
15 theoretically determined reflection intensities so that a
value of cell gap corresponding to the closest theoretical
intensity ratio is determined to be the gap of the liquid
crystal cell.
The “light of the light source” mentioned above may
20 be monochromatic light or polychromatic light (e.g. white
light). In the case of monochromatic light, the measurement
of the reflection intensity can be effected directly by a
photodetector.Ontheotherhand,inthecaseofpolychromatic
light, the measurement of reflection intensity is effected -

25 by a photodetector via a spectrometer.



Specification as at 25 07 05 6 Since the neasurenent of the reference is
carried out in a condition where the analyzer is detached in the step (b)
above, the reference reflection intensity Refl includes a background
conponent. Accordingly, an accurate value of 5 tHecifehtiongeymnti2s 0diobficult to
obtain by nerely conparing the ratio bétween the neasured intensities
S1/Refl with a theoretically determned reflection intensity as usually
done. The present invention is therefore constituted such 10 that two
ki nds of polarization angles 01 and 02 are specified, ratios between the
measur ed | nt ensi PLBgC JihRELpsuUSEMREL 20 &he deferanned;s aadtriedaduos|
Ref2/S2 Refl is calculated, thereby canceling the background conponent
i ncl uded i A0t Aecondi eiemceneed |tdut ieom livreangist desachedThnotigh $tés process,
good agreenent with a ratio between theoretically determ ned reflection
i ntensiti esbtaabotrey abkixskerengr reffidechlive oitéme teRefdapnchndédus be
determ ned accurately. Reflection intensities at a cross N col state are
20 t heor et Rchitgdetrd n¢orepbrient a Aplagraliintgd vof ani geicdrargstaluecet| s havi ng
different cell gaps with the polarization angles set to (err)l and (err)2,
and théd rathe delivemp tbhed nEsoukEd tionbenaii hileg meSel yRebRpS2inRefde i S
conpared with ratios between the theoretically determ ned reflection
i ntensiti esaRbo(bheweeti the nosensedyinaehos)ise shakenl vialtie #f cell gap

theoretically determined reflection intensity as usually

done.

The present invention is therxefore constituted such

10 that two kinds of polarization angles 61 and 82 are specified,
ratios between the measured intensities S$1/Refl, S2/Ref2
aredetermined, andtheratioSl * Ref2/82 * Refliscalculated,
thereby canceling the background component included in the
reference reflection intensities.

15 Through this process, good agreement with a ratio
between theoretically determined reflection intensities can
be achieved, and the value of the cell gap can thus be
determined accurately.

Reflection intensities at a cross Nicol state are

20 theoretically determined for a plurality of liquid crystal
cells havingdifferent cell gapswith thepolarization angles
settoBland02, andtheratiobetweenthemeasuredintensities
S1 * Ref2/82 - Refl is compared with ratios between the

- theoretically - determined ' - reflection - intensities

25 {(theoretical intensity ratios) so that a value of cell gap



Specification as at 25 07 05 7 corresponding to the closest theoretical
intensity ratio is determned to be the gap of the liquid crystal cell.
Thi s met hod proposes a specific process that uses a plurality of |iquid
crystal cells.in determning the gap 5 of a |i (ifedificatysi=lat@6l0l7 based on
the ratio between the neasured intensifies Sl Ref2/S2Refl,in which the
ratio S1 Ref2/S2 Refl is conpared with theoretically determned intensity
ratios. (2) Wien the reflection intensities S1, Refl, S2 and 10 Ref2 are
each neasured in the formof a wavel ength spectrum and the theoretical

i ntensi ti e§ScaFrespapfingl tal bhedcliasehe theensdical wavedmngth speod rum so
that a value of cell gap that corresponds to a theoretical intensity ratio
that providedethembasd £otbeuthei gagetfr dhaetliasidhergapabfcéhe. 15 |iquid
crystal cell, the values of cell gaps can be determ ned nore accurately.

I n order to obt alnisavetkedtor gpensts &, spieghtf iof prbeeski ghat soskesea nay be
passed t hrough a nonochroneter before it is incident on the |iquid crystal
cell, or |pghratétyecfetiq@fdbyryseal i qultsciysdateaelhimmytibe gassed
through a spectroneter. (3) It is preferred that the liquid crystal cel
prepar 6d asfa lsianpildect gstskbde 4% bhkedref giepaei o betivbenridhesh agead di ng t o
the present invention, the 25 state of polarization of the liquid crystal

cel | prepaggtlensitiesS1+Ref2/52Refl, inwhichtheratioSl+Ref2/S2 -
Refl is compared with theoretically determined intensity
ratios.

(2) When the reflection intensities S1, Refl, S$2 and

100 Ref2 are each measured in the form of a wavelength spectrum
and the theoretical intensities are each calculated in the
form of a wavelength spectrum so that a value of cell gap
that corresponds to a theoretical intensity ratio that
provides the best fit curb is determined as the gap of the

15 liquidcrystal cell, the values of cell gaps can be determined
more accurately.

In order to obtain wavelength spectra, light of the
light source may be passed through a monochrometer before
it is incident on the liquid crystal cell, or light reflected

20 Dby the liquid crystal cell may be passed through a
spectrometer.

(3) It is preferred that the liquid crystal cell
prepared as a sample is used as the reference.

In the method according to the present invention, the

25 state of polarization of the liquid crystal cell prepared



Specification as at 25 07 05 8 as a sanple is predicted and the val ue of
the cell gap is determ ned according to the prediction. Wen the anal yzer
is detached, there is no information on the state of polarization of the
liquid crystal cell while the optical 5 charact éfgesificat$onods #tl28 0FaEpl e such
as absorption characteristics are inclf@ided in the reference as they are,
so that influences of these optical characteristics are cancelled. The
liquid crystal cell can thus be advantageously utilized as a reference. 10
(4) The liquid crystal cell may be a reflective liquid crystal cell or
transmi ssi 98 fi g@naleristriedidted |and Kde yadacobfatheansiilsgameisi qui d

crystal cell, light reflected fromthe bottomsurface is neasured. BRIEF
DESCRI PTI ONeCFrMHEe DRAVENGSL 116 b gihe iDdegditatdtoss #hgenthal amahfzeur at i on of
a liquid crystal cell gap neasurenent system Fig. 2 illustrates optical

pat hs of |ighteiacheflt therentident inhoamétfjondonryis¢ abtasetl ofisa and
reflected from the bottom surface, and then directed outward. 20 Fig. 3
i |l ustrat epcdagénetabncohftilgrridtduonl afryetlalquiedl ehydtatheebhbt Degpl
measur enent system where a reference is neasured with the anal yzer being
renovedd Fchardctsrasgiaphoshomengamapiesslithods phiosdipgidnquid crystal
cell gaps d neasured in a reflective -nobde -and a 25 transm ssive node.
characteristics are included in the reference as they are,
so that influences of these optical characteristics are
cancelled. The liquidcrystal cell can thus be advantageously
utilized as a reference.

10 (4) The liquid crystal cell may be a reflective liquid
crystal cell or transmissive liquid crystal cell. In the
case of a transmissive liquid crystal cell, light reflected
from the bottom surface is measured.

BRIEF DESCRIPFTION OF THE DRAWINGS

15 Fig.l illustrates a general configuration of a liquid
crystal cell gap measurement system.

Fig. 2 illustrates optical paths of light when it is
incident on a liquid crystal cell 15a and reflected from
the bottom surface, and then directed outward.

20 Fig. 3 illustrates a general configuration of a liquid
crystal cell gap measurement system where a reference is
measured with the analyzer being removed.

Fig. 4 is a graph showing a result of plotting liquid

crystal cell gaps d measured in a reflective mode and a ----

25 transmissive mode.



Specification as at 25 07 05 9 Fig. 5 shows graphs where actually neasured
reflection intensity spectra RO((err)i), RA5((err)i) are each graphed as a
function of wavel ength, and theoretical values of intensity reflectance
EE*O (X), EE*45 (X) are plotted in an overlay SSpeaifinstion dsizg 25607108 a gr aph
showing a result of calculation of the9ratio C theo (X) between two
intensity reflectances EE*O (X) and EE*45(X), which is plotted together
with the ratio C((err)i)between neasured reflection intensity spectra
RO((err)i) 10 and R45(Xi) . Fig. 7 illustrates a general configuration of
a liquid crystaligeld sheips geapheerhane sgsuehl amcasyeddsoefhatctite angl e
of incidence of light incident on a liquid crystal «cell 15 and the angle
of refl ectinhenbithespeghtarROlBLl edR4S (Aipmtdecddlgquirthshiedtad el l 15 are
both O degrees. Fig. 8 illustrates the structure of a transmssive Iliquid
crystal cefhncrign & wkvadengthbs drrktéepueticelofaluesbifetttiaesiiyui d
crystal cell. 20 BEST MODE FOR CARRYI NG OQUT THE I NVENTION 1. Liquid crystal
cel | gap nmeasbeetentesysten i g.EEF43 |09t nakeplatgenecial asonfdguapti on of a
liquid crystal cell gap neasurenent system The neasurenent system

conpri ses mbhngatr.source 11 such

Fig. 6 is a graph showing a result of calculation of
theratioCtheo(A)between two intensityreflectances EE*0 ()
and EE*45(A}, which is plotted together with the ratio
C(Ai)between measured reflection intensity spectra RO (Ai)

10 and R45(Ai).

Fig. 7 illustrates a general configuration of a liquid
crystal cell gap measurement system arranged so that the
angle of incidence of light incident on a liquid crystal
cell 15 and the angle of reflection of the light reflected

15 from the liquid crystal cell 15 are both 0 degrees.

Fig. 8 illustrates the structure of a transmissive
liguid crystal cell.

Fig. 9illustrates the structure of areflective liquid
crystal cell.

20 BEST MODE FOR CARRYING QUT THE INVENTION
1. Liquid crystal cell gap measurement system

Fig. 1 illustrates a general configuration of a liquid
crystal cell gap measurement system.

The measurement system comprisesa light source 11 such

26 as a halogen lamp, an input fiber 13 for guiding light of



25 as a halogen |lanp, an input fiber 13 for guiding light of ------ - -----
------ Specification as at 25 07 05 10 the light source 11, a lens 12 for
collimating light rays fromthe input fiber 13, a polarizer 14 at which
light rays are linearly polarized, a |liquid cr\eailficatiin askh 2pI0gpdared as a
sanpl e, an anal yzer 16 for selecting lilearly polarized 5 light rays from
light rays reflected fromthe liquid crystal cell 15, a lens 20 for
converging light rays that have passed through the analyzer 16, an out put
fiber 17 for guiding the converged light, a spectroneter 18, and a data

pr ocessi ngthappaght uscunce nkl udi Agns dénforecohdimetinpel egmt MDyThe angl e
of incidence (err)1 of light incident on the Iliquid crystal cell 15 and

t he angl e dfomefhecmrmt W2bet 13 ghodefrlicetretld fatomhtilod Lightdrayystal cel |
15 are both fixed. Normally, (err)l1=w2 (under a total reflection

condi ti on) arePi efieanby ypoaotizant, w2 larmiv thiystdQ degilees,panphitd@se val ues
15 are set to 6 degrees in this enbodinent. The liquid crystal cell 15 may
be a refl essiarealpai can enydyakrce foarsal daansgrildsiewe i sl g Cragt al cel | .
Even in the case of a transmssive liquid crystal cell, light rays that
are refd ecléghframd heohadtigimm suybacer nfctde firbguilk 12Quenystwdt£el | 15a
are neasured. The aforenentioned polarizer 14 is provided so as to be

rotat abl e byla it arlgmobostomepnirergiyigdesiiiedagaalieat hike pfHseqent i oned
anal yzer 16 is provided so as to be
through the analyzer 16, an output fiber 17 for guiding the
converged light, a spectrometer 18, and a data processing
apparatus 19 including a computer housed therein.

10 The angle of incidence wl of light incident on the
ligquid crystal cell 15 and the angle of reflection @2 of
light reflected from the liquid crystal cell 15 are both
fixed. Normally, wl=w2 {(under a total reflectioncondition).
Preferably, @l and w2 are within 10 degrees, and these values

15 are set to 6 degrees in this embodiment.

The liquid crystal cell 15 may be a reflective liquid
crystal cell or a transmissive liquid crystal cell. Even
in the case of a transmissive liquid crystal cell, light
rays that are reflected from the bottom surface of the ligquid

20 crystal cell 15a are measured.

The aforementioned polarizer 14 is provided so as to
be rotatable by a motor (not shown) to any desired angle.
The aforementioned analyzer 16 is provided so as to be

rotatable by a motor (not shown) to any desired angle and

25 in an automatically attachable and detachable manner. Let



rotatable by a notor (not shown) to any desired angle and 25 in an
automatically attachabl e and detachabl e nmanner. Let Specification as at 25
07 05 11 the angle of rotation of the polarizer 14 be represented by B,
and the angle of rotation of the anal yzer 16 be Spepifiesantascht 250705 Si nce
these are always used in a cross Nicol Btate in the present invention, the
follow ng equation is 5 established between them B=y 90 deg. Suppose the
twist angle of the liquid crystal 15a is $. Then the difference An between
an extraordinary index of refraction ne and an ordinary index of

refracti onthe pBgie efpretsedonsof hehegpalavhzerel bivlvherepBS:mepd esent s an
absol ute value), and the retardation is And. An = ABS (ne-no) (1) Fig. 2

i |1 ustrat ebydptaincdthgande of dotghti ontrethé ahalyzagildent roprasénggpd d cryst al
cell 15a and reflected from 15 the bottom surface, and then directed
outward. |hythe priesentheseentrieonlwbhe lLisgdi dncaysteds aeldolSstistassuned to
conprise two transm ssive cells stacked together. Light undergoes a tw st
angl e 0 aninathet prdaénonidmentinvhn} etheé pPassesihdireqghtide isward path. 20
Wien i denotes an imaginary unit and X denotes a wavelength of light, this
phenomghonessakkpsbsdedebyeanJohem: matrix J as follows: p+iq r+is

8= y +90 deg.

Suppose the twist angle of the liquid crystal 15a is
¢. Then the difference An between an extraordinary index of
refraction ne and an ordinary index of refraction no is

10 expressed as the equation below(where ABS represents an
absolute value), and the retardation is And.

An = ABS (ne-no) (1)
Fig. 2 illustrates optical paths of light when it is
incident on a liquid crystal cell 15a and reflected from

15 the bottom surface, and then directed outward. In the present
invention, the liquid crystal cell 15 is assumed to comprise
two transmissive cells stacked together.

Light undergoes a twist angle ¢ and a retardation And
while it passes through the inward path.

20 When 1 denotes an imaginary unit and A denotes a
wavelength of light, this phenomenon is expressed by a Jones
matrix J as follows:

2

5 (4, And, A ) =(p41.q Pies ]

—r+i-s p-i-q



J (O And,
cos 0O cos

%9 =1 (2) r+is p-iq Specification as at 25 07 05 12 where p =

/1 + sino sinf3/ 1+& q = cos O sin/i a/ 1+CLz r = -sino

cos/ 3+ cososinl 41+C? s =sino sinf3a/ 141 5 ait And/ X 0 'Y= 0 1+c In
i ght undergoes a twi st angle -0 and &perificaticteds aa25ATd5wWhi | e 1t

addi ti on,

passes through the outward path.
phenonenon is identical

angl e 0.
expressed

E is described as fol

rota&o;(cgs)¢ qu@gdap@ WA (err), And) polarizer((err)

(-0, And )

10 Thi Jones matrix J to express this
to the formula (2) wth negated synbols of tw st

The Jones matrix for the polarizer and that for the analyzer are
as follows: | 15 Pol arizes (0 cos O =1 (3) sin 0 r Analyzer

cos ¥y 0 (Ywhekk p ;4&09 glng%ﬂTQesghgtgige)p aldzation of reflected |ight
ro

E=ana

the rotator

10

15

20

r = -sing cosf+ cosgsinfB /VI+d?
s = sing sinf ra /VI+d

o =7 And /A ¢

B = ¢V1+c

In addition, light undergoes a twist angle -¢ and a
retardation And while it passes through the outward path.
The Jones matrix J to express this phenomenon is identical
to the formula (2) with negated symbols of twist angle ¢.

The Jones matrix for the polarizer and that for the

analyzer are expressed as follows:

, cos &
Polarizer (0 ) = ) (3)
sin &
cos ¥y 0
Analyzer (y ) = . {(4)
0 siin y

The state of polarization of reflected light E is
described as follows:
E=analyzer (y) "rotator (¢ ) outward path J (-¢,And )-

rotator(-¢ )'inward path J (¢, And)-'polarizer(8 )

“where the rotator {¢) and rotator (=@} are operators to cancel

the twist that the light underwent in the liquid crystal

tator (0 )'outward path J

wher e



(0) and rotator (-0) are operators to cancel the twist that the |ight
underwent in the liquid crystal Specification as at 25 07 05 13 15a. The
Jones matrix for the rotator (0 ) is expressed as follows: coso -sino
Rotator (0 ) =J (5) sing cosh 5 Intensity refl|fetdoctorcamnmttas 07 05
theoretically obtained by calculating BEE*. The asterisk"*" indicates that
the conplex conjugate is taken. 2. Sinulation of intensity reflectance

D fferences of refractive index An and data of twist 10 angle O of the
measurenent target liquid crystal at two or nore wavel engths are input in
t he data pibeestShagiappammtitusix ¥or The aogheoof (§ ot aki erpteByedfas he

pol arizer 14, the angle of rotation of the analyzer 16 (y) are set in the
fol | owi ng fowdonwsdes (a), (b): 15 (a) 0 = 0 deg., y =-90 deg. (b) 0 = -45
deg., y=-135 deg. Wth the liquid crystal cell gap d being set to a
plurality of values, an intensity reflectance EE¥ is calculated as a

function of the wavel ength X for each of (a) and (b) . These 20 are denoted

bet ween the two Rotabsrt ygrief=Illect nce; EE*o (k) amh EE*45(%is
sin COS

by EE*0 (% and EE*45 (X) , re ggpiw%hy(é Then, the ratio C theo (X)
cal cul at ed: S(Q )E
5 Intensity reflectance can be theoretically obtained by
calculating EE*. The asterisk “*” indicates that the complex
conjugate is taken.
2. Simulation of intensity reflectance
Differences of refractive index An and data of twist
10 angle ¢ of the measurement target liquid crystal at two or
more wavelengths are input in the data processing apparatus
15. The angle of rotation { #) of the polarizer 14, the angle
of rotation of the analyzer 16 ()) are set in the following
two modes (a), (b):
15 (a) @ = 0 deg., y =-90 deg.
{b) & = -45 deg., »=-135 deg.
Withtheliquidcrystalcellgapdbeingsettoaplurality
of values, an intensity reflectance EE* is calculated as
a function of the wavelength A for each of (a) and (b). These
20 are denoted by EE*0(A) and EE*45(A), respectively. Then, the
ratioCtheo (A) betweenthe twointensityreflectancesEE*(Q (A)
and EE*45(A)is calculated:
Ctheo(A)=EE*0(A) / EE*45(A) -

The ratio C theco(A) is displayed as a group of curves in



Ctheo (A =EE*0 (% / EE*45 (?,) The ratio C theo(X) is displayed as a
group of curves in Specification as at 25 07 05 14 which the liquid
crystal cell gap d is the paraneter. 3. Method for neasuring intensity
reflectance 3.1. Measurenent of reference Since $peeifieatidread aafdswenses
i ncl uded such as various 5 characterist4cs of the neasuring system
(em ssion characteristics of the |ight source, transmttance of the
optical system sensitivity of the photodetector, wavel ength
characteristics of those and tenporal variations of the sanme, etc.), and
| i ght refl @BiFbntheromigaifoasybagérselieberrddisOthe maramet&backgr ound
conponent”) other than light reflection during the inward and outward
travel in BheMpihaddferymeaburlingeisteseitai nestandandézi ng processing is
necessary. Generally, such standardi zing processing is performed by
measuri ng Bhé.r¥Eheutrenantnbénsetyrenca reference and 15 dividing a
neasured reflection intensity of the sanple by the fornmer. In the present
i nvention, the refiecendemeasty iimfluancargementdesl SachRoastvalei®@ast hat t he
liquid crystal cell 15 is disposed as in the sanple neasuring arrangenent
but 20 t hehanatyzetstbcssofenhyedeafiiging sVbushr a¢essaismde of the
reference neasurenent. Wth this arrangenent, the |ight neasured on the
characteristics of the light source, transmittance of the
optical system, sensitivityof thephotodetector, wavelength
characteristics of those and temporal variations of the same,
etc.), and light reflection from various layers (referred
10 toas the “background component”) othexr than light reflection
during the inward and outward travel in the liquid crystal
layers, certain standardizing processing is necessary.
Generally, such standardizing processing is performed
by measuring the reflection intensity of a reference and
15 dividing a measured reflection intensity of the sample by
the former.
In the present invention, the reference measuring
arrangement is so constructed that the liquid crystal cell
15 is disposed as in the sample measuring arrangement but
20 the analyzer 16 is removed.
Fig. 3 illustrates a mode of the reference
measurement.
With this arrangement, the light measured on the

reference includes information on varicus characteristics

25 of the measuring system, which can be eliminated from the



reference includes information on various characteristics 25 of the
measuri ng system which can be elimnated fromthe Specification as at 25
07 05 15 result of measuring the sanple as | ater described. However,
contrary to the case where the anal yzer 16 s ad$geaifiastithn hedca239g 05f t he
removal of the analyzer 16, the backgrtund conponent is included in this
case. This 5 background conponent is hereinafter denoted by Refb. The |ight
nmeasured on the reference Ref is expressed using subscripts s and b as the
sum of the conponent Refs including information on various characteristics
of the nme&sarilAgosyBeamahtgt hhebagkpglound tahpondascRebbdas fol lows: 10
Refs + Refb Wth the angle of rotation O of the polarizer 14 set in the
two nodes (a) andoyeYebel owtrafy eot itdre icatsengheiresthBefhandeRef @5 of the
liquid crystal cell 15 used as the reference are nmeasured at a plurality
of wavel engshatddckeherecEhise=tf the Femoval of the mriad yarerd d6egeiet hat is
two or nore.) (a) B =0 deg. (b) B =-45 deg. The reflection intensities
Ref O and Ref¢Bgranndachmpenepkpiessedludeédgisubstsi phses andsb as fol | ows:
20 RefQ(Xi)= RefB(Xi )+ Refb(Xi) (6) Ref45(Xi)= Ref45s(Xi)+ Ref45b(Xi)
(7) 3.2. Meakgreurdt cofipsaapt ei ¥ hérebeaftgui dessysdaby ke serving as the
sanpl e being

The light measured on the reference Ref is expressed

using subscripts s and b as the sum of the component Ref,
including information on various characteristics of the
measuring systemand the background component Refpas follows:
10 Refy + Refy
With the angle of rotation & of the polarizer 14 set
in the two modes (a) and (b) below, reflection intensities
Ref(Q and Ref45 of the liquid crystal cell 15 used as the
reference aremeasuredat apluralityof wavelengthsAi (where
15 i=1, 2. 3, ... » N; n is an integer that is two or more.)
(a) & =0 deg.
{b) @ =-45 deg.
The reflection intensities Ref0 and Ref45 can each be
expressed using subscripts s and b as follows:
20 RefO{Ai}= Refls(Ai)+ Ref0lp{Ai) (6)
Refd5(Al)= Ref455(Ai)+ Refd5,(Ai) (7)
3.2, Measurement of sample
With the liquid crystal 15 serving as the sample being
placed and the analyzer 16 being attached, the angle of

25 rotation & of the polarizer 14 and the angle of rotation



pl aced and the anal yzer 16 being attached, the angle of 25 rotation O of
the polarizer 14 and the angle of rotation Specification as at 25 07 05 16
yof the analyzer are set in the two nodes (a) and (b) below, and the
reflection intensities SO $S45 of the |iquid crySgeailficatiel ds stR5a7@5Mmeasur ed
at aforenentioned wavel engths Xi. (a) Bl6= 0 deg., y =-90 deg. 5 (b) B = -45
deg., y=-135 deg. Then, the neasured reflection intensities SO (Xi) and
S45(Xi) are divided by the reflection intensities of the reference
Ref O( Xi ) and Ref45(Xi ), respectively. The values resulted fromthe division
are wittepdstRO qnd)yzeReSe(¥e) in therespecidesel y) RA Xb) atolRAS(Xi) are
expressed as follows: RQ(Xi)= S0 (Xi) / RefO (Xi) = SQ(Xi)/ (Ref0.(Xi)+
Ref Qb( Xi )) apg)theRasfXerignsiqénsit Ref 89, (949 of S WXiguid(RefSal Xi ) +
Ref 45b(Xi)) (9) 15 Then, the ratio C(Xi) between RO(Xi)and R45 (Xi) is
taken: C(¥e}lx RO Xrp/ mBASOXed =f SEotengnt Sdbed XvavélenftiRel45, (% )+
Ref45b (Xi)) / (Ref 0,(Xi)+ Ref@(Xi))] (10) In the second parentheses [ ]
in the right-hanfasi@lee RQef. t he=ra0i deG.(Xi) , the background conponent
Ref 45b (Xi) and background conmponent RefQb (Xi)) are included in the
numer ator  and deppnd rat-or; dekppecgkivebydedien the angles co are such
smal | values as W <10 deg. and co 2<10 deg., it is possible
Then, the measured reflection intensities S0(Ai) and
S45(Ai) are divided by the reflection intensities of the
reference Ref0O(Ai)and Refd5(Ai), respectively. The values
resulted from the division are written as RO(Ai), R45(Ai),
10 respectively. RO(Ai)and R45(Ai) are expressed as follows:
RO (Ai)= SO(Ai) / RefO(Ai)
= S0(Al)/ (RefOs(Ai)+ RefOy(Ai)) (8)
R45(Ai)= S45(Ai) / Ref45(Ai)
= S45(A1l)/ (Refd5;(Ai)+ Refd5,(Ai)}) (9)
15 Then, the ratio C(AL) between RO (Ai)and R45(Ai) is taken:
C{(Ai)= RO(Ai)/ R4A5({A1)
=[ SO(Ai)/S45(Ai)] X [ (Refd5;(Ai)+ Refd5,(Ai))/
(RefOs (Ai)+ RefOp(Ai))] (10}

In the second parentheses [ ] in the right-hand side

20 of the ratio C{Ai), the background component Ref45,(Ai) and
background component Ref0,(Al) ) areincluded in the numerator

and denominator, respectively. When the angles ® are such
small values as ©1<10 deg. and © 2<10 deg., it is possible

to assume that the ratio between Refd5;(Ai)and Refd5,(Ai)

25 and the ratio between RefOs({Ai}and Ref0y(Ai) are identical,



to assune that the ratio between Ref455(Xi)and Ref45b(Xi) 25 and the ratio
between RefO, (Xi)and Refb(Xi) are identical, Specification as at 25 07 05
17 and therefore the inside of the second parentheses [ can be substituted
with Ref45, (Xi)/ Ref0,(Xi). Accordingly, by divi%ientficSndas)atiRp 0ROE0, (X ),
and dividing S45(Xi )by Ref45,(Xi), thelfatio C(Xi) provides a 5 true
ratio between reflection intensities of the sanple where the background
conponent is elimnated. 4. Deternmination of the cell gap A graph of ratio
C(Xi) obtained by actually neasuring the liquid crystal cell 15 is fitted
to graphs WA ERSEBRPERskhe 1nwiqr whltiey secogdaphsenshrgebi qul daer yst al
cell gap d as the paraneter)showi ng ratio C theo(X) obtained by the
si mul at i onbef sihseasiutydr efitbcRanés; it hateftthdrbest fit cell gap d is
determ ned. For the fitting nmethod, a known nethod such as the nonlinear
| east squares medbodrdbygbe, WP deddisgExarple bytret®f@riencanangl e was
set to 0 deg. and the clockwise direction was defined as positive (+)
angl e. Ref Héegfiddng Babehs) by ele D5 A MW, Sttheeratic CIRDFMHEST Y8 guid
crystal 20 cell were nmeasured by using a liquid crystal cell gap
measur érentreg sedmcaeeiorekmgef betheopriesents iitivensf ehe sameflleegtiéon node) .
The nmeasurenents were carried out at five positions.

the background component is eliminated.

4. Determination of the cell gap
A graph of ratio C(Ai) obtained by actually measuring
the liquid crystal cell 15 is fitted to graphs (which comprise
10 a plurality of graphs using liquid crystal cell gap d as
the parameter)showing ratio C theo(A) obtained by the
simulation of intensity reflectance so that the best fit
cell gap d is determined. For the fitting method, a known
method such as the nonlinear least squares method may be
15 used.
5.Example
The reference angle was set to 0 deg. and the clockwise
direction was defined as positive (+) angle. Reflection
intensities of a twist nematic transmissive liquid crystal
20 cell were measured by using a liguid crystal cell gap
measurement system according to the present invention
(reflectionmode). The measurements were carried out at five
positions.
The rubbingdirectionof the surfaceof the transmissive

26 liquid crystal cell was set at —60 deg. and the twist angle



The rubbing direction of the surface of the transmssive 25 |liquid crystal
cell was set at -60 deg. and the tw st angle Specification as at 25 07 05
18 fromthe surface to the bottomof the cell was -240 deg. Values of
extraordinary index of refraction ne and ordi ndpecificdinn aafat2807&5t i on no
were known and as listed in Table 1. I¥dex of refraction is a function of
wavel ength. 5 Inreality, only indices of refraction for alimted plural
nunber of wavel engths are known. The indices of refraction for other
wavel engths are interpolated by using Cauchy's formula. The Cauchy's
fornul a i sfgescEhpeguagacel Fonshe ipeteom 10f t Hee ecé bl omy @ @¥gi ndex of
refraction for one wavel ength, the index of refraction is treated as a
fixed val ue. WeYalueherl exfraardiniry ntegenfof efefadonod are tawd
wavel engths, interpolation by a quadratic function of the wavelengths is
per f or ned. cYiéneryhéndesr ef da¢raf¢tiodeno oferef kmown cand 524 oristede
wavel engths, interpolation by a quartic function of the wavelengths is
perforned. ifTadle 1] e BNGI¢E 450t hom 550ani GH0: inm oRewdvEla3ytih 6276
1.6272 No 1.4849 1.4947 1.4997 The angle of rotation 8 of the polarizer 14
and theé 2Dnareflkeitof, voflytiodigesfof hefanakyzarfdb avkiniset prutdle two
nodes (a), (b) bel ow

number of wavelengths are known. The indices of refraction

for other wavelengths are interpolated by using Cauchy’s
formula.

The Cauchy’s formula is described as follows. Where

10 there is only data of index of refraction for one wavelength,

the index of refraction is treated as a fixed value. Where

there are data of index of refraction for two wavelengths,

interpolation by a quadratic function of the wavelengths

is performed. Where there are data of index of refraction

15 for three wavelengths, interpolation by a quartic function

of the wavelengths is performed.

[Table 1]

WAVELENGTH 450 nm 550nm 650 nm
Ne 1.6293 1.6276 1.6272
No 1.4849 1.4947 1.4997

The angle of rotation & of the polarizer 14 and the
20 angle of rotation y of the analyzer 16 were set in the two
modes (a}, (b) below.
(a) 6 =0 deg., y=-90 deg.

(b) € = -45 deg., y=-135 deg.



(a) B=0 deg., y =-90 deg. (b) 0 = -45 deg., y=-135 deg. -------------
Specification as at 25 07 05 19 Then, reflection intensity spectra RO (Xi)
and R45 (Xi) were neasured and the ratio C(Xi) was cal cul ated. (See the
foregoing fornulae (8)-(10).) Meanwhile, with tHh3pecifinatidn apres 25€710§ t he
same, an 5 intensity reflectance EE* of9 the transm ssive liquid crystal
cell was calculated as a function of wavelength X . Then, the ratio C
theo((err)) between the two intensity reflectances obtained in the two
cases (a) and (b) was calculated. The ratio C (X) between actually neasured
val ues and 10 tHeeralmafllstcdd onainbestheepEdt neeRe (EohpardeRl4 Wi A h) each
other at five points 1-5 to give liquid crystal cell gaps d at the five
poi nts 1- 5wesghsegsientd ygnd theamshiiost Vel )] iwpsd dadrydtakdcel Bewashe si t uat ed
in across Nicol state and a parallel N col state 15 using a conventi onal
transm ssi ¥erepriivgl foypuéae ARU-{he)i htensity of transmitted |ight
(wavel ength of 550 nm was neasured at the sane five points 1 -5
(transm ssive nodeanwhileeteltdattlom domdivakonetles maethdasece omert he ratio
between the intensities, and it was divided by the difference of 20
refractd veinhdexibp ratf leotanelechigt bfafh&dbfanamses asetld qulitdac nystaal i qui d
crystal cell gap d. The liquid crystal cell gaps d obtained in the

cell was calculated as a function of wavelength A . Then,

the ratio C theo(A)between the two intensity reflectances
obtained in the two cases (a) and (b) was calculated.
The ratio C (A) between actually measured values and
10 the calculated ratio C theo(A) were compared with each other
at five points 1-5 to give liquid crystal cell gaps d at
the five points 1-5.
Subsequently, a transmissive liquid crystal cell was
situated in a cross Nicol state and a parallel Nicol state
15 using a conventional transmissive optical system, and the
intensity of transmitted light (wavelength of 550 nm) was
measured at the same five points 1 -5 (transmissive mode).
A retardation And was determined based on the ratioc between
the intensities, and it was divided by the difference of
20 refractive index An at a wavelength of 550 nm so as to obtain
a liquid crystal cell gap d.
The liquid crystal cell gaps d obtained in the
reflective mode and transmissive mode described above are
listed for the individual points in Table 2.

25 [Table 2]



refl ective node and transm ssive node descri bed above are listed for the

i ndividual points in Table 2. 25 [Table 2] Specification as at 25 07 05 20
TRANSM SSI VE MODE REFLECTI VE MODE PO NT 1 6.275 6.269 PO NT 2 6.292 6.294
PO NT 3 6.331 6.321 PO NT 4 6.353 6.341 PO NT $pe6ifidioncas4®@5 0UNBT: gm
Fig. 4 shows the result obtained when t3#e respective liquid crystal cell
gaps d neasured in the reflective node and transm ssive node were graphed.
Fromthe graph, it is 5 obvious that the respectlve crystal cell gaps d

obtained [Tn TNE TWO ToOUES I BRANBUGNLTEE Wb, TREFLEEGTVECRDEEA P  The
correlati JE!OE[HE'II h.l crent—R2—v ué'll2 ge—t Tt CI cept—+$ zgg tG 7ef6—+5 0. 9802.
Subsequen shown—A—H{—5—actua y—reasiHé 0—+efHeecti-on

acut uaartd _y LA A% T

intensity Eéﬁ;Nfg RO(%4}—and QAZ%A—)—aI—poJ_m_&_\z\gﬁé_each_gr_a.phed as a
function 1?5&H$pﬁpnnfh and ﬁpaséflral val ues 5?3?ﬁt9nsity refl ect ance
EE*0( % anPEENESA%)in the t\h-3R3le seftings (hP-3AH (b) were plofted and
di spl ayed| EPANBver| ay. 15 Measuteéd refl ection i nbeA8bty spectrum RO(Xi):
Graph A I\/Easureﬁleﬁf lﬁn(fti on intensity spectrum R45(Xi): G aph B

Fig. 4 shows the result obtained when the respective
ligquid crystal cell gaps d measured in the reflective mode
and transmissive mode were graphed. From the graph, it is

5 obvious that the respective crystal cell gaps d obtained
in the two modes are reproduced with very high correlation.
The correlation coefficient R? when the intercept is equal
to zero is 0.9802.

Subsequently, as shown in Fig. 5, actually measured

10 reflection intensity spectra RO(Ai1) and R45(Ai) at point 5
were eachgraphedas a functionof wavelength, and theoretical
values of intensity reflectance EE*(Q (A)and EE*45(A)in the
two angle settings (a) and (b) were plotted and displayed
in overlay.

15 Measured reflection intensity spectrum RO(Ai): Graph A
Measured reflection intensity spectrum R45(Ai): Graph B
Theoretical value of intensity reflectance EE*0 (A} : Graph
C
Theoretical value of intensity reflectance EE*45(A): Graph

20 D

As is appéfenf from Fig. 5, the measured reflection



Theoretical value of intensity reflectance EEX0G aph C Theoretical val ue
of intensity reflectance EE*¥45 (X) : Gaph 20 D As is apparent from Fig.
5, the nmeasured reflection Specification as at 25 07 05 21 intensity
spectrum RO(% ) (graph A) cannot be seen as corSresifiomdimay at@510R®5
t heoretical value EE*O((err))(graph C).21 The measured reflection intensity
spectrum R45((err)i)( graph B) cannot be seen as corresponding to the
theoretical value 5 EE*45 (?,) (graph D), either. Subsequently, the ratio
C theo(X)between the two intensity reflectances EE*O (7.) and EE*45 (1)
was cal cul anggnsahd grapheumt Bgédher (gkepht Ab cannot GoXi et avwen actual ly
nmeasured reflection intensity spectra RO (?,i) and R45 (A /i) as 10 shown
in Fig. 6.ccrrhepofding: t&r bph EheGtXtical aphué& BE*D$ApppasemtCsfrom Fi g.
6, the two graphs E and F correspond to each other with very good
preci si on. Th heesdead atd §1 etthieort iimit qredkt vappeartivog 8L6yhd) { hgrawivel engt h
550 nmis considered to be a noise, because the ratio where the reflection
i ntensity Bpestnaombesesioas 09t naspenditugatedhewhbeerthécpakabppears. 6.
Exanpl e of nodification 20 Meanwhile, the inplenentation of the present
i nventi®dn EE*45(A) (graph D}, either.
Subsequently, the ratio C theo(A)between the two

intensity reflectances EE*0Q (A} and EE*45(A) was calculated

and graphed together with the ratio C(Ai)between actually

measured reflection intensity spectra RO(Ai)and R45(Ai) as

10 shown in Fig. 6.
C theo(A): Graph E
C(Ai): Graph F
As is apparent from Fig. 6, the two graphs E and F
correspond to each other with very good precision.

15 Incidentally, the tiny peak appearing around the wavelength
550 nm is considered to be a noise, because the ratio where
the reflection intensity spectrumwas about 0% was calculated
where the peak appears.

6. Example of modification

20 Meanwhile, the implementation of the present invention
is not limited to the foregoing embodiment. In the previous
description, the angle of rotation ( #) of the polarizer 14
and the angle of rotation of the analyzer 16 (y) are set in
the -two modes (a), (b) below: -

25 {a) 8 = 0 deg., y = -90 deg.



is not l[imted to the foregoing enbodinent. In the previous description,
the angle of rotation (B) of the polarizer 14 and the angle of rotation of
the anal yzer 16 ()/) are set in the two nodes (a),(b) below 25 (a) 0 =0
deg., y = -90 deg. Specification as at 25 07 05 SpegificitjonBhsat28D7d6g. , y=
-135 deg. However, the angles may be did%erent fromthe above listed ones,
for exanple, (b) above nay be substituted with (b') below 5 (b') B = -30
deg., y= -120 deg. In addition, while the light source 11 and spectroneter
18 are enployed in the foregoing cell gap neasurenent system as nmeans to
obt ai n wavel engt kbsgeet rdp dagt eag=ofl3hidegconbi nation, the Iight source
11 and a nonochroneter 12 may 10 be used. In the structures shown in Figs.
1 and 3, tHewaWgke the dnwlicdemey berdififefent ghton mbiedehovenlisieedi qui d
crystal cell 15 and the angle of reflection w2 of light reflected from
the |iqui dooegst &brcexdmpbe ar @ lsetbave frayi be sabagstothdrwisht hah) 0.
However, it is possible to set both of cal and w2 to O degrees. Fig. 7
illustratebelbe:configuration of a liquid crystal cell gap neasurenent
systemwhere ml and w2 are set to O degrees. 20 Parallel light rays that
enmerge §rom a | engw128asre-30 deg., = -120 deg.
Inaddition, while the 1ight source 11 and spectrometer

18 are employed in the foregoing cell gap measurement system

as means to obtain wavelength spectra, instead of this

combination, the light source 11 and a monochrometer 12 may

10 be used.
In the structures shown in Figs. 1 and 3, the angle
of incidence wl of light incident on the liguid crystal cell
15 and the angle of reflection w2 of light reflected from

the liguid crystal cell 15 are set to finite values other
15 than 0. However, it is possible to set both of ®1 and w2
to 0 degrees.
Fig. 7illustratestheconfigurationofaliquidcrystal
cell gap measurement system where®l and w2 are set to 0
degrees.
20 Parallel light rays that emerge from a lens 12 are
introduced into a liquid crystal cell 15 through a polarizer
14 and a half mirror 21 (non-polarized beam splitter) so
as to be incident normal to the liquid crystal cell 15.
Light rays reflected from the liquid crystal cell 15

25 pass through the half mirror 12 to be directed to an analyzer



introduced into a liquid crystal cell 15 through a polarizer 14 and a half
mrror 21 (non-polarized beamsplitter) so as to be incident normal to the
liquid crystal cell 15. Light rays reflected fromthe liquid crystal cell
15 25 pass through the half mirror 12 to be di r&etifidation srat237\0ber
Specification as at 25 07 05 23 16 and2d ens 20. The aforenenti oned

pol arizer 14, half mrror 12 and analyzer 16 are secured by neans of a
frame conponent 22 and are adapted to be integrally rotatable about an
axis 5 that is perpendicular to the surface of the prepared liquid crystal
cel | 15. | hé&i aeft &Pny, 2Phe pol arization angle of the polarizer 14 is fixed
to be horizontal (perpendicular to the length of the sheet), and the

pol ari zat i on angFeeciforenenimpyoerrdmiizdl Xdd helfemhorpzoh? adnd paral | el
to the 10 length of the sheet). The anal yzer is detachable. Wth this
arrangenengénaigeangbeave bacudedckyohednghof anfraeatcompement i 2@ d
crystal cell 15 and the angle of reflection of light reflected fromthe

| i qui d crysnhdl atel kdapbedahobee bbhhegenl lut rOtadegbbesab&pecad i até on as at
25 07 05 24 Clains 1. A nmethod for measuring the gap of a liquid crystal
cel | conpthstnips peapeadicep aaf togdsusungaaer ef [teet pesphptansidyidl in

crystal cell 15. Incidentally, the polarization angle of
the polarizer 14 is fixed to be horizontal (perpendicular
to the length of the sheet), and the polarization angle of
the analyzer 16 is fixed to be horizontal (parallel to the
10 length of the sheet). The analyzer is detachable.

With this arrangement, the angle of incidence of light
incident on the liquid crystal cell 15 and the angle of
reflection of light reflected from the liquid crystal cell

15 can be both kept at 0 degrees.



5 a cross Nicol state by selecting a conponent with a polarization angle
of 01 fromlight of a |light source and introducing the conponent into a
liquid crystal cell prepared as a sanple within an incident angle |ess
than 100 using a polarizer, and passing |ight r3fecidicatich dsrag@5t0Aed5] i quid 10
crystal cell within a reflecting angle 24ess than 10 through an anal yzer;
(b) a step of neasuring a reference reflection intensity Refl wthin a
reflecting angle less than 10 in a condition where the analyzer is
det ached bﬁ sel ecting a conponent with 15 a polarization angle of 01 from
light of tkéaEM§ht source and introducing the conponent into a reference
within an incident angle |l ess than 10 using the polarizer; (c) a step of
measuring a-ref| 2&EStHd heeasiapprdng vhe gagrofa Nieold strats¢alycskl ecting a
conponent with a 20 polarization angle of 02 fromlight of the |light source
and introd@@PrAgsSthE:conponent into the liquid crystal cell within an
i ncident angle Il ess than 10 using the pol arizer, and passing |ight
reflected fromtke)la giiep ofyseabucehy avndfilectd arefiheéenisigyasdtl enl ess t han
10 through the analyzer; 25 (d) a step of neasuring a reference reflection
intensidy SpecpfbBclicoh atabe B HFLOE6tiRG Ret@mpohdmt witlefdecti ng angle
|l ess than 10 in a condition where the analyzer is detached by selecting a
conponent pblhrisapbhbarazalé off agiglrecal 183nkr e hi phghef séhecdifghy source
and introduci ng the conponent into the reference within an

introducing the component intoa liquid crystal cell prepared

as a sample within an incident angle less than 10° using a
polarizer, and passing light reflected from the liquid
10 crystal cell within a reflecting angle less than 10° through
an analyzer;
(b) astepofmeasuringareferencereflectionintensity
Refl within a reflecting angle less than 10° in a condition
where the analyzer is detached by selecting a component with
15 a polarization angle of #l from light of the light source
and introducing the component into a reference within an
incident angle less than 10° using the polarizer;
(c} a step of measuring a reflection intensity S2 in
a cross Nicol state by selecting a component with a
20 polarization angle of £ from light of the light source and
introducing the component into the liquid crystal cell within
an incident angle less than 10° using the polarizer, and
passing light reflected from the liquid crystal cell within
a reflecting angle less than 10° through the -analyzer;

25 (d) astepofmeasuringareferencereflectionintensity



5 incident angle less than 100 using the polarizer; and (e) a step of
calculating a ratio between the neasured intensities SI Ref2/S2 Refl and
determning the gap of the liquid crystal cell based on the rati o between
the nmeasured intensities SI Ref2/S2 Refl, 10 Spe}ifieatimeys ad25@8108r mi ni ng
reflection intensities at a cross Nicdld state theoretically for a
plurality of liquid crystal cells having different cell gaps with the

pol ari zation angles set to 91 and 02; and (g) a step of conparing the ratio
between nmeasured 15 intensities Sl Ref2/S2Refl with ratios between the

t heor et i caRE§2detdrin medeféerbinpomdin dresist thenshlt Hat aaconvad tuomf cel |
gap corresponding to the closest theoretical intensity ratio is determ ned
to be the ghprefthehanplyary ixdpsaaheddty se2ecinghe comphodntoriteasuri ng
the gap of a liquid crystal cell according to claim1, wherein the

refl ecti onai peeasitatsoslanded Inf S22, fand RefijAtaré tkachigeassswrte n t he
formof a wavel ength spectrumand the theoretical intensities are each

cal cul at edand iterddrmind t2% aompeekshgthtspdet meesentckaviahvalare of cell
gap correspondi ng Specification as at 25 07 05 26 to a theoretical
intensidy tatidehhatngievides thenbest dding ciheedisirdetear;maetl to be the
gap of the liquid crystal cell. 3. The nmethod for neasuring the gap of a
liquid crystal ¢e)]la atepradi ngltoletahmal ranthertetttwddrethequedkswwreest al cel |

intensities S1 * Ref2/S2 * Refl and determining the gap of the
liquid crystal cell based on the ratio between the measured
intensities S1*Ref2/52 * Refl,

10 (£) a step of determining reflection intensities at
a cross Nicol state theoretically for a plurality of liquid
crystal cells having different cell gaps with the
polarization angles set to 81 and 62; and

(g) a step of comparing the ratio between measured

15 intensities S1 - Ref2/S2 - Refl with ratios between the
theoretically determined reflection intensities so that a
value of cell gap corresponding to the closest theoretical
intensity ratio is determined to be the gap of the ligquid
crystal cell.

20 2. The method for measuring the gap of a liquid crystal
cell according to claim 1, wherein

the reflection intensities S1, Refl, S2, and Ref? are
each measured in the form of a wavelength spectrum and the
theoretical intensities are each calculated in the form of - -

25 awavelengthspectrumsothatavalueofcell gapcorresponding



5 prepared as a sanple is used as the reference. 4. The nethod for
nmeasuring the gap of a liquid crystal <cell according to claim1l, wherein

the liquid crystal cell is areflective liquid crystal cell. 5. The nethod
for measuring the gap of a liquid crystal 10 cefdecifiesténdisag 2687®bai m 1,
wherein the liquid crystal cell is a t#ansnmissive liquid crystal cell. 6.

The nmethod for neasuring the gap of a liquid crystal cell according to
claim1, wherein incident angle oft=0 deg. and reflection angle w2=0 deg.

to a theoretical intensity ratio that provides the best fit

curve is determined to be the gap of the 1liquid crystal cell.

3. The method for measuring the gap of a liguid crystal

cell according to claim 1, wherein the liquid crystal cell
5 prepared as a sample is used as the reference.

4, The method for measuring the gap of a liquid crystal

cell according to claim 1, wherein the liquid crystal cell

is a reflective liquid crystal cell.

5. The method for measuring the gap of a ligquid crystal
10 cell according to claim 1, wherein the liguid crystal cell

is a transmissive liquid crystal cell,

6. The method for measuring the gap of a liquid crystal

cell according to claim 1, wherein incident angle ©l=0 deg.

and reflection angle ®2=0 deg.



