;' e3e} z<pz&6\ TYki DESCRI PTI ON METHOD FOR MEASURI NG GAP OF LI QUI D CRYSTAL
CELL TECHNI CAL FIELD 5 The present invention relates to a nethod for
measuring the g Ippawd crystal jcell filled with a liquid crystal.
There are transﬂmmmmmmmum,d crystal cells illumnated wth a backlight
fromthe backside apg,1Q reflective liquid crystal cells utilizing natural
| ight. The present invention is applicable to both the transm ssive and
reflective liquid crystal cells. BACKGROUND ART A transmi ssive liquid
crystal cell has a structure 15 pggeRepitbR Fig. 8, where glass |ayers 31
32 constitute the uppernost |ayer and the | owernost |ayer, respectively,
and transpar enypeli8pt FREMEASORING: GRS éf"eLlfqeﬁf'Bdcﬂf‘s R ¢gner surfaces of
the glass layers 31, 32, respectively. Furthernore, alignnent filnms ( not
shown ) are fornmed on the 20 inner surfaces of the transparent el ectrode

[l 333% which are each rubbed at apredeterm ned anal AN

crystal 15f%#€§§§g%ﬁg%%¢§betmeen the alignment filns. In the

color liqui a color filter is disposed on the (inpgfsesurface
of the). upper glass layer 25 31. .2 Fig. .9 illustrates the structure of a

reflectd ve |i qui ecrlifs‘%lsaﬁntcé“l".e’\k%éﬂ‘ c‘%?ﬁﬁéﬁﬁé;d W tahmte:lfszjr gl%m' ssive |iquid

crystal cell, thjs is different fromthe transm ssive liqujd . crystal cel

in that a TeATEARYLRRIIAP 9% A I5IEE FIrSHed iG8 4 éf&l&%tét I"i’éftﬁlr &nspar ent

el ectrode 34 on_one side. An alignnent filmis formed on the surface of the
reflectivel H¥13 F¥Y$35: which is rubbed at a predeternined angl e. Suppose
that the thickness (cell gap) of the liquid crystal contained in a liquid
crystal cell is TSresdift ddAFHFEEVe I hEInwdad §eddfventi onal net hod
for neasuri£ﬂ$the cell gap d of a |iquid crystal cell, in which light is
directed fibhymbeaked Helek|a Ragkbight | frew ey Ragksije@ny therein so
that interference of |ight waves is neasured to 15 obtain the thickness of
the ail0 | ayefleghive 1iavidariatal aalkls Hbdiginopmatvgali ddighter yst al
cell (Interferonetry). However, the thickness of the air layer before
i nj ecti on Bie presienfuinventysamisarplinabld todwih ghedramsavipstiye cel |
after injection of the liquid crystal are not
and reflective liquid crystal cells.
BACKGROUND ART
A transmissive liquid crystal cell has a structure
15 as shown in Fig. 8, where glass layers 31, 32 constitute
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
20 inner surfaces of the transparent electrode films 33, 34,
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

25  31.



‘identical in a strict sense. Accordingly, developing a method for directly
measuring the thickness of a cell after injection of a liquid crystal has
been antici pated. Another known nethogl is a nmethod in which the 25
birefringence of uniaxial crystals that liquid crystals 3 have is
utilized in such a manner that a linearly polarized conponent of |ight of a
| ight source is introduced into a liquid crystal cell filled with a liquid
crystal (hereinafter referred to as the "sanple” ), and the intensity 5 of
the transm ttedgiighty i b fy&tPEed ek 3R ARE tde Anterseby ik the sane
in a parallel N col state are each neasured. Based on these intensities, a
bi refri nggnt . fqer e - Ch I W r LQn' the liquid
crystal i ?ﬁ(?eu?'g? %err}ga;af]’f rcgé%th%nt hg“%eeﬁ(il%ldgggtps%g%t g?tﬁggﬁl)fsg%el?ef er to
H. L. L Leit s 1 I pp1398- 1400,
etc.) Ing?%%ﬁﬁgf#§ysggxﬁﬁg"o?éé%f%bdéggﬁg%?téﬁﬁ%@mﬁggﬁfn%gﬁ F%g%ted to one
side of the I t l.i ght t . 4t t I h the
sanpl e i sqﬁe@ﬁggﬁ%el It&l%&%t quStéggr%?%%ggfﬁleééw&et%gf%gsg#gt he

measur enent sysfem are o ed_ to each other with respect to t. sanpl e.

For thps rt[eoaré‘i/ﬁff 13 ?“55@%@& §5§n§ﬂa’fﬁ3{; %%h%cvﬂﬁoa%euﬁgn%ﬁto%?gﬁg%'has to be
| arge and cannqQt be co ct, ip size. Ip addition, since t f or.egoi ng

ot hod e dSuPASIPRERE BBUT fenEaTRELen FPB . 498 eXinie rehlecd ive

i napplicable, in principle, to reflective liquid crystal cells _that do not
al | ow | i gitekal paisldn (3x o gHich 15 Fahadrdr @ aressitecmiged Re9eesent
invention to provide a nethod for neasuring gap of liquid crystal cell 25
whi ch is capabl SupPaRadbatnghenthisahaess ?‘Fﬁbfog%ﬁ’)yé:t |the 4iguids and
applicable to both transm ssive and reflective liquid crystal cells, while
al | owi ng tHY Shade comtidatdsupekbanidyrEstad Rl kdfpIEPr aSeEeESURE OF
THE INVENTION 5 ( 1) A nethod for neasuring the gap of a liquid crystal
cell d8corkl i to the present invention conprises the follow ng steps
(a)-(e): (a) a step of neasuring a reflection intensity S1 in a cross Nicol
state by sel ect iThgre Baspmama agnvernd ipmadongkhedtfiogrmeagneing tHe from
light of a light source and introducing the conponent into a liquid crystal
cell preparell agap danfl @ dsigwida pasrdzeselndipawBinl Lilght réf| ect ed
fromthe liquid crystal cell through an analyzer; (b) a step of neasuring a
ref er ence dfecred SmommabonehbetgelRevwithaul ldenwdid coyis bhbra gt eshal yzer i s
det ached by selecting a conponent with a polarization angle of Bl from

| i ght of ttleereightsostbeteinhdrferendachd idhd venpsnemtmeanwred rtef er ence

using the polarizes; (c) a step of nmeasuring a reflection intensity S2 in
15 obtain the thickness of the air layer, which is regarded

as the thickness of +the 1liquid crystal cell
(Interferometry).

However, the thickness of the air layer before
injection of the liquid crystal and that of the liquid

20 crystal cell after injection of the liquid crystal are not

identical in a strict sense. Accordingly, developing a
method for directly measuring the thickness of a cell after
injection of a liquid crystal has been anticipated.

Another known method is a method in which the

25 birefringence of uniaxial crystals that liquid crystals



20 a cross Nicol state by selecting a conponent with a polarization angle
of B2 fromlight of the light source and introducing the conponent into the
liquid crystal cell using the polarizgs, and passing light reflected from
the liquid crystal cell through the analyzer; 25 (d) a step of neasuring a
reference reflection 5 intensity Ref2 in a condition where the anal yzer
is detached by selecting a conponent with a polarization angle of 82 from
light of the light source and introducing the conponent into the reference

usi ng the MRIAIsZaE i1 298a Sl shich & ARk ne®) 41l Hddi Apbabie Bat veen the

measured i ntensities nd determ ning 't he gap of the

Ret 2/ 22”?4@0'%%% AL DT ong [Eghe SBEEne r—'&}. ot EhVETE 10

nonochr o ght or ch ma | i ght i In the
case of mﬁﬁ%? $§ h{ﬁe %%gﬁ en%ﬁ%ﬁof the ﬁgec??gn |nten5|ty
can be eff cted di rectl a hoto egt e ofher. hand..in the case
of pol ychr ?%qu gﬁﬁg ?mP£?|écf?%%tﬂ%lPﬁPBﬁ}tyy i's
effected b ﬁhotodetector V|a a s ectroneter, Ece t he negs%%enent of
the refer TEARSREt A 1HIhtc ﬁd?tFBﬂsﬁMQFEO 8t3h8| §28r P& det ached
in the step (b) above, the reference reflection intensity Refl ipncludes a

backgr ound-RepbHeht f,&é’@oﬁéf“r‘i’glliﬁ aanPakeitat NS FEtORENEEH | gap i s
difficult to obtain by merely conparing the ratio between the neasured
i ntensiti eieastyred| Based an el e dindans) tdefer AP TRt BR3P/t ensity as
usual |y done. The present invention is therefore constituted such 25 that
two ki nds ®Efference atwhichng plBed it Sargdat iondoi tfedhe 1dauid os
between the neasured intensities Sl/Refl, S2/Ref2 are determ ned, and the
ratio S1 Ge¥stilsis @eterminedal fuammadcht e a9llcaapels @@ttaﬁéie@ackgr ound
conponent included in the reference reflection intensities. 5 Through this
proces¥, gorefenrteelipnl. wWwod, Appti Phys. Lett. 51 (18), 2 November
1987, ppl1398-1400, etc.)
Incidentally, in the foregoing method, since light is
directed to one side of the sample and the light that has
been transmitted through the sample is measured, the light
15 source and the photodetector of the measurement system are
opposed to each other with respect to the sample. For this
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 light
20 transmitted through the sample, it is inapplicable, in
principle, to reflective liquid crystal cells that do not
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

256 which is capable of measuring the gaps of liquid crystal



bet ween theoretically determned reflection intensities can be achieved,
and the value of the cell gap can thus be determ ned accurately. ( 2 )
Reflection intensities at a cross Nicqgl state are 10 theoretically
determned for a plurality of liquid crystal cells having different cel
gaps with the polarization angles set to Bl and 82, and the rati o between
the nmeasured intensities S1 Ref2 /S2 Ref 1 is conpared with ratios
between the theoretically determ ned reflection intensities 15 (

theoreti cabeinbensit ypbeliond 6 boQ) Erymlbesofve el dagrrarigaponding to

t he cl osest theoretic Intensity ratio iIs m ne e gap of the

liquid cryﬁ&{ligeé%y%ggiscgﬂgodwﬁ){fggéﬁz?ﬁ%?ﬁgﬁ% L%igéggg% hat uses a

plurality © qul rystalr cells mn Oof aliquid
crystal cell _ha he, ratj o bet n_{he nmeasured intensities Sl
Ref 2/ S2 d@??gufﬁgﬁﬁ?c%gﬁ%ﬂr{é&%gs%gﬁ%#% S2 Refl is conpared with
theoretic 1 ped_Jj nt i tios. (3) Wien the reflection
intensitigékéﬁﬁgégéﬁT8§2T%ﬂdf§§éé%¥éﬁare each neasured in the formof a
wavel engt h spectrum_ 7. an he theoretical intensities are each cal cul ated
i The Form of ol hhdeRErEOH SiomeRaRr L0014 IADAT o oRULBITTERRAL hat
corresponds to a theoretical intensity ratio that provides the best fit
curb i s def8thi ACBCHILIRAtYabhef PYRREBL | IRYSRE EPR SEAIPEEFES &R val ues of
cell gaps can_be determ ned nore accurately. In order to obtain wavel ength
spectra, |fghiowvinghetepghiasol®te may be passed through a nonochroneter
before it is incident on the liquid crystal cell, or light reflected 10 by
the liquid crystéd) celsitepapfppepsusind tthr@fdiect iofednitenedsy. ST ANt is
preferred that the liquid crystal cell prepared as a sanfle is used as the
reference. al arosg Nibcpbdshaterdy ngelect hed pa coanponenenwibh, athe 15 state
of polarization of the liquid crystal cell prepared as a sanple is
predi cited pollarheatabneandlée hef ol Ifrgap liighdebér ai heghticsouxcagnd t he
predi ction. Wen the anal yzer is detached, there is no information on the
state of pdhtroducing bhet bempopgent tnystal lighidwhiystahecepti cal

prepared as a sample using a polarizer, and passing light

reflected from the liquid crystal cell through an analyzer;

(b) a step of measuring a reference reflection

15 intensity Refl in a condition where the analyzer is detached
by selecting a component with a polarization angle of 61 from
light of the 1light 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 62 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



20 characteristics of the sanple such as absorption characteristics are
included in the reference as they are, so that influences of these optical
characteristics are cancelled. The liguid crystal cell can thus be

advant ageously utilized as a reference. 25 ( 5 ) The liquid crystal cel
may be a reflective liquid 8 crystal cell or transm ssive liquid crystal
cell. In the case of a transm ssive liquid crystal cell, light reflected
fromthe bottomsurface is nmeasured. (6) It is preferred that light is

inci dent ofhddifs iy RE¥RGFCHYSSRA i €RA wRerd @E@'a'nai?ﬁle% i detecdence W and
the light reflected fromthe liquid crystal cell at an angle of reflection

of cut is red. Lt 0 S ref. I =\ = egrees, Sso
| ong as w@%gggggégél%Egﬂgggfht&i]g%é},Oﬁragﬁezre%ﬁoglngqgi?#ttgél\észlf? Pgls can be
measured w{ I e E?ﬁ%}? T Egg%% ig.l
iIIustrat\(Ia!dLsl gégﬁ?aégﬁ%iég@frlg%gﬁdo a ?%%J%éﬁrfs%%l ce 11\Ig(fﬁaﬁ):E

measur enent, Syst 19g..2 11lustrates optical paths of light when it is 15
i nci dent o%nh% W%}%e (%:(%yus artd cte % B aaralnchr’e%nedgt ed fromthe bottom
surface, and then directed_outward., Fig. 3 ill rates, a gener

conf | giratton oft % PTG o4 SA G et nd gt S B AR vl B8aR g o o
reference js neasured with th? anal yzer beiqggrennved. 20 Fig, 4 is a graph
showi ng a YE&RNFLEeH Bt t REG2 (S uikF i §Re detE@aMinggstlye 9eRset &84S n a
reflective node and a transm ssive nod hs where actually

. Fiq. h
measur ed refqetd ic6|¥5itﬁtleﬁ§?‘%yb%§fé%ﬁnatg®(mlﬁ%ﬁ gﬁiyg\g{%i r% ag8&RYr aphed as

a 25 function of wavel ength, and theoretical values of intensity 9
refl ect ancentgErgifiey SEERES2/S2): Reélplotted in an overlay nmanner.

The “light of the light source” mentioned above may
10 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. On the other hand, in the case of
polychromatic 1light, the measurement of reflection
15 intensity is effected by a photodetector via a spectrometer.
Since the measurement 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 component. Accordingly, an accurate value of
20 the cell gap is difficult to obtain by merely comparing the
ratio between the measured intensities S1/Refl with a
theoretically determined reflection intensity as usually
done.

The present invention is therefore constituted such

25 that two kinds of polarization angles 01 and 62 are specified,



Fig. 6 is a graph showing a result of calculation of the ratio C
theo(~,)between two intensity reflectances 5 EE*O(~,) and EE*45(~,), which
is plotted together with the ratio C(g,i)between neasured reflection
intensity spectra RO( ~i ) and R&A 5 ( ~,i ) . Fig. 7 illustrates a
general configuration of a liquid crystal cell gap neasurenent system
arranged so that the 10 angle of incidence of light incident on a liquid
crystal cell 15 and the angle of reflection of the light reflected fromthe

fauid oryetelogalddeRradotd Auled R8I Ge di e akay e St uct ure

of a transmssive liquid crystal ce 15 Fig. 9 illustrates the structure

PVENT! o S HEg e EPy S EheRis Sh ket R L EE R AR

g renent syste 97 ustr at es

I f] i .Qf Liquid 20 I Il . t t
The: measur BT savisk i Freadtotaid Keiberth 1fERedEa ERC,  arp.
an input f fiber 13 f0£ guiding.li ht. of the |light source 11, a lens 12 for
coIIinatinﬁe#?EﬁHC?aﬂ% } ?ﬁﬁ??ﬁ??ﬁéﬁﬁl?%?ﬁﬂ' 13, a polarizes 14 at which

light rays 25 are linearly, polarized, a |jquid crystal, cell 15 ,prepared
10 as 4 sampl e, T YIS REGSS Srei9aad RTGTRERT Fi5 & FARdS | ght rays
fromlight rays reflected fromthe liquid crystal cell, 15, a lens 20 for
conver gi ngPEFERRD rElReTeicable drlarined Aghl eHel Oh RS 6 €S an out put
f fiber 17 for guiding the 5 converged light, a spectroneter 18, and a data
processi ngCapRE &k evednanddthg vt dhen6edddItReF @R ithyhdeangl e of
incidence wi of light incident on the liquid crystal cell 15 and the angle
of reflectiekeruined agegmratetYected fromthe liquid crystal cell 15 are
both 10 fixed. Nornally, cal=co2 (under a total reflection condition) .
Preferably, w a®) Refdectipnhintans eieeed agrPihdideodastate ALe set to 6
degrees in this enbodinment. The liquid crystal cell 15 may be a reflective
| i qui dl&ryshedreeitably alatremsinessifor & ipjuinklotysesl lignid aspatals in t he
case of a transmissive liquid crystal cell, light rays that are refl ected
fromthe boelbsn bavinge diff fielrentti meld gaps with the polarization
angles set to 01 and 62, and the ratio between the measured
intensities S1*Ref2/S2-Refl is compared with ratios between
the theoretically determined reflection intensities
16 (theoretical intensity ratios) 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.
This method proposes a specific process that uses a
plurality of liquid crystal cells in determining the gap

20 of a liquid crystal cell based on the ratio between the

measured intensities S1 *Ref2/S2 * Refl, in which the ratio

S1 * Ref2/S2 + Refl is compared with theoretically determined
intensity ratios.

(3) When the reflection intensities S1, Refl, S2 and

25 Ref2 are each measured in the form of a wavelength spectrum



éfystél cell 15a are neasured, The aforenentioned polarizer 14 is provided
so as to be rotatable by a notor (not shown) to any desired angle. 20 The
af orementioned anal yzer 16 is provided so as to be rotatable by a notor
(not shown) to any desired angle and in an automatically attachabl e and
det achabl e manner. Let the angle of rotation of the polarizer 14 be
represented by B, and the angle of rotation of the analyzer 16 be 25
represented by y. Since these are always used in a cross 11 Nicol state
in the preéﬁat%ﬁ@@@d&’ow €ihekhg W Res eat@d L ba18dlgkblished et ween
them B=y 90 deg. Suppose the twst angle of the liquid crystal 15a is 5
~. Then th i ffer 1¥Q%Q ra LNary . pdexco f tion ne
and an ordfe'?lg#lyé?n%e%x&a%ﬁe)ﬁ act ocﬁd}r@f(}sg gilglrtegsgaigg %(ﬁeéeeiqﬁ a?Egn

bel om wher S resen b v e . Lhe r ion is Ond.

£n 4P 6§§?Sggn§|§g€822i ﬁﬁ%&'{r&t &y i?t%ggl p\étﬁég%cf

On = ABS (ne-nof Strates opti S |dﬁt when it
is incident_on.g liguid cr .al cell.15a and reflect fromt bott om
surf ace. - aRESPHERE TSR IRWGRED 1 THEmTpHieh e ToenPRBrof (iE | 1 qui o
crystal_cell 15.is _assuned conprise two fransm ssive cells stacked

oyt nd - ChaaEigherinter goetla POBsvECnet ot SR L0Ted SRS Ond ahi fe it
passes through the inward path. When i denotes an imaginary unit and -,
denotes a AEVEBFBHBEA BPTRi gREUTERPLY phenonenon is expressed by a Jones

matrix J as follows: 20 J (~, Ond, 7~ ) _ P+i~q r+i~s -r+i~s p-i~g where p
= cos ~ cos /31 IO £q Phiyim vavedeBgEHsSPectrR, dight@¥ the s jnk
cos/3 + cos ~sin/~/ 1+a'" 12 s =sinsink a/ 1l+ar' a - ~ Ond

1+d ~ 5 | nlaghttserrceimp hedasfess throwogst aghghechrometen hefarelati on Ond
while it passes through the outward path.
it is incident on the liquid crystal cell, or light reflected
10 by the liquid crystal cell may be passed through a
spectrometer.
(4) 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
156 state of polarization of the liquid crystal cell prepared
as a sample is predicted and the value of the cell gap is
determined according to the prediction. When the analyzer
is detached, there is no information on the state of
polarization of the liquid crystal cell while the optical
20 characteristics of the sample such as absorption
characteristics are included 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.

25 (5) The 1liquid crystal cell may be a reflective liquid



The Jones matrix J to express this phenonenon is identical to the fornula
(2) with negated synbols of twist angle ~. The Jones matrix for the

pol arizer and that for the 10 anal yzeg are expressed as follows: cos B
Pol arizer (B) - (3) sin B Analyzer (y ) - cosy O ( 4) O siiny 15 The
state of polarization of reflected light E is described as follows:

E=anal yzer(y)rotator( )outward path J (-~,~nd ) rotator(-~ )inward path J
(~, Ond)polarizer(B) where the rotator (~ ) and rotator (-)are operators

Lo 20 cancebyitie ke darddiond doile WHRAE eyt it aestal 152

The Jones rix for the rotator (~ Xpres 13 cosB
-sin Rot at ) t flec %ﬁﬂ

t heoretica Ei/é (%ft %ltnl(a?sby calﬁ’ecﬁigug'a %@é{*hg%al%t e%| (gﬁ?' * &gﬁ cates that
t he conpl e e ls take Simulation of intensity reflectance
i or ohceb VT EEE IR SiEEae & s MPARET i st angi e of the

nmeasurenment targ IquJd crystal at two or re mavelen ths are input in
the data prOCGSS(I% d?’ﬁ@%glllegrg? JTSotJé’tqltgr‘? nt gn I he

pol ari zes 14, the angl e 10 of rot ation of the analyzer 16 ( y) are set in
the fold ok ihorpeieal (@gll (3 -2 (2B 2ngkpe L Nl%d@@!%g) @B = -45
deg., y=-135 deg. Wth the liquid crystal cell 9 d being set to a 15
plurality e \;d-lg@ésregﬁei:ﬁ?‘érfs‘ict“ytpéf]rJélﬂ%é’é'YE alicelrhatupady s a

function of the wavelength ~, for each of (a) and (b). These are denot ed by
EE*0(~,) a8l mefMegtionrefpedt isengasghed; the ratio C theo(~,) between the
two intensity reflectances EE*O (~,) and EE*45 (~,) is calculated: 20 C

t heo(~, ) =EE*0 (-A)tHousgt 4% (s, noddheredieirabCet hkat w)=02=0idkyraesd as a
group of curves in which the liquid crystal cell gap d is the paraneter. 3.
Met hod f orserebong i &g whtkbhsdegrees | and an2€l0 degrees, reflection

10 intensities can be measured without any problem.
BRIEF DESCRIPTION OF THE DRAWINGS

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

Fig. 2 illustrates optical paths of light when it is

15 incident on a liquid crystal cell 15a and reflected from
the bottom surface, and then directed outward.

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

20 Fig. 4 is a graph showing a result of plotting liquid
crystal cell gaps d measured in a reflective mode and a
transmissive mode.

Fig. 5 shows graphs where actually measured reflection
intensity spectra RO(Ai), R45(Ai) are each graphed as a

25 function of wavelength, and theoretical values of intensity



3.1. Measurenent of reference 14 Since there are influences included such
as various characteristics of the nmeasuring system (em ssion
characteristics of the |ight source, wransmttance of the optical system
sensitivity of the photodetector, 5 wavel ength characteristics of those and
tenporal variations of the sane, etc. ) , and light reflection fromvarious
| ayers ( referred to as the "background conponent” ) other than |ight
reflection during the inward and outward travel in the liquid crystal

layers, corbfiBcehApgaEghgl 0) PIEGASSINY heelBIBREEasHay GiRGIAlY Y, Such

standardi zi ng processing 1s perforned by neastring the re on intensity
of a refergpgageand dividing a nmeasured reflection intensity of the sanple
by the former. 15 In the present invention, the reference neasuring

arrangenment is sp;gonstirugt iqu ryStea J i sposed
as in the sanplepﬁgasuffﬁé g??&ﬂg@%@?ﬁnid?q#%%ﬁgﬁgkyégggﬁ%aﬁgoéZﬁgved. Fi g.
3illustra ef erence_20 npeasur enen i

S a de.of,. th t. . Wth this
ot rangenentRe RaPEP gt CBALN BOEURCR HE70 of B ENESET nes SARLTATNA mat i on on
various. characteristics_ of _the neasuring syste whi ch can be eli m nated
from tHe r@@ﬁﬁffbfa a%%?%%b?ihewgﬁfﬁbljeg#?%%a RN 1 Y5 Yiswever
contrary to the case where the anal yzer 16 15 is attached, because of the
renoval ~of TRhiCahhi§ rREEUESD { RRaBRERYr BehteC bR nERE RS Y HIRRRIF 3 n thi s
case. This_background cogyggent is hereinafter denoted by Refb. The |ight
f

measur ed oRO{he) randrRfhe is expressed 5 using subscripts s and b as
the sum of the copponent. Ref A including information gn vari ous

characteristics D9t Hel A bF 2 HeS 30k ah Foid IyaSkdPaME achifpbiént Ref b

as follows: Refe.+ Refb 10 Wth the angle of rotation_ B of the polarizes 14
set crystal cell gap measurement system arranged so that the

10 angle of incidence of light incident on a liquid crystal
cell 15 and the angle of reflection of the light reflected
from the liquid crystal cell 15 are both 0 degrees.

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

15 Fig. 9 illustrates the structure of a reflective
liquid crystal cell.

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

Fig. 1 illustrates a general configuration of a 1liquid

20 crystal cell gap measurement system.

The measurement system comprises a light source 11
such as a halogen lamp, an input fiber 13 for guiding light
of the light source 11, a lens 12 for collimating light rays
from the input fiber 13, a polarizer 14 at which light rays

25 are linearly polarized, a liquid crystal cell 15 prepared



inthe two nodes ( a) and ( b ) below, reflection intensities Ref0O and
Ref45 of the liquid crystal cell 15 used as the reference are neasured at a
plurality of wavelengths ~,i ( where {F1, 2. 3, ...... , h; nis an
integer that is two or nore . ) 15 ( a) 8 =0 deg . (b) B =-45 deg. The
reflection intensities RefO and Ref45 can each be expressed using
subscripts s and b as follows: RefO(7~i)= Ref08(~,1)+ RefOb(~,1) (6) 20
Ref45 (7~i)= Ref458(~,i)+ Refd45b(7~i) ( 7 ) 3.2. Measurenent of sanple Wth

e, L) 30 o BAg1 b2 SERNLEDEE IS BB D0 peed st el v
2nol e o1 18 M2kl A PRRLYTED AU PELok NS Ry 2 ) o1 ¢
CLretel oL £ 8T8 R ol S ST AL ) 5 - ©
Lot o BRI 2oz B R (e S BLalhg gl oot on

respectgvel . The Vflues resul ted fronlth% divis ign are witten as RO (
UTPYT b racényergsd) 1ohEs e anariinpretay (Ba-png aAe BFQCeSiNg are
expressed as follows 10 T.i)=SO(~, i) /| RfQ(~, i) - SO~ i)/
(Rgf 08(~,i§np¢aé¢@5§~.1?)}ﬁ&vah&wa%ql&p@%{m%?dFé%ehwg(li) ) S45(A )/
(Ref 45, (~,1)+ Ref45b(~,1) ) (9) Then, the ratio C(~,i) between RQ(T,i)and
R45(~,i) is takehhelandgle of dmRidengd UT-1ight S@ideny us(the) | X |
(Ref 45B(~, 1)+ Ref45b()~i) )/ (Ref09(~,i)+ RefCb(~,i) ) ] (10) In the second
par ent hesetifuidi arybtati gbll himdasd dehefandie raf imefldetian )wl athe

background conponent Ref 4 5b ( ~,i ) and 20 background conponent
Ref Ob(~,i)}ight retledtddi irohethenkiguid erystehorehhtby aredpdtivel y.
When the angles w are such small values as W <10 deg. and u.~ 2<10 deg., it

i s posHl bl £ikedasknma lillygt wlde2 rammderbattweal Ref UsB(ign fandition).
Preferably, wl and w2 arewithin 10 degrees, and these values
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
156 in the case of a transmissive liquid crystal cell, light
rays that are reflected from the bottom surface of the 1liquid
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.
20 The aforementioned analyzer 16 is provided so as to be
rotatable by a motor (not shown) to any desired angle and
in an automatically attachable and detachable manner. Let

the angle of rotation of the polarizer 14 be represented
by 6, and the angle of rotation of the analyzer 16 be

25 represented by y. Since these are always used in a cross



Ref 4 5b ( ~,i ) and the ratio between Ref O0a ( ~,i ) and Ref b ( ~.i )

are 25 identical, and therefore the inside of the second 17 parentheses |

J]can be substituted with Ref45B(~, i)/ RefCa(~,i) . Accordingly, by dividing

SO( ~,i ) by Ref 08 ( 7~i ) , and dividing S4 5 ( ~,i ) by Ref 4 58 ( ~.

) , theratio C( ~,i ) provides a 5 true ratio between reflection

intensities of the sanple where the background conponent is elimnated. 4.

Determ nation of the cell gap A graph of ratio C( ~,i ) obtained by

actual ly [ |k Qi |51 it AP, (which 10
: ”ﬁi‘?Hi s"c%ttehf? th%“%ﬂe%é{é %‘ve%e‘c 5tl'1¢§ ffolllb%ﬁptgoe%J Hales

conprise a plurality o S usring cr sta t he

paraneter)§Qogg€%b§§%h8dC5&F§§én %h ﬁtalned by the sinulation of intensity

refl ectance so € bes [ gap d is determined . For the

fitting nethog a‘¥%® met hod such as the nonlinear |east squares nethod
may be 15 use % Wﬁﬁﬁe The reference angle was set to 0 deg. and the

cl ockwi se direction was .defined as 03|t|v (+
intensities of SHRRA%E GdMiSY raé’rggr‘ﬁ odi & }éﬁ gc??%%?iZgé%e’rq wer e

neasured by using a liquid crystal cell gap neasurenent system according to
the present- iThaththerd{fEererse d Redwren anExERNRdEMaAYs 1REeE firried out
at five positions. The rubbing direction of the surface of the 25
transm ssi Y8IraghiencrgstBf 2| proaRasgt 1adex6of gegfraghion ROtk twi st
angle fromthe surface to the bottomof the cell was -240 deg. Val ues of
extraor di ngKpreages a¢ Feeraguabhonebahawoviehar HBS nERRI®FCRES rakti on no
were known and as listed 5 in Table 1. Index of refraction is a function of
wavel engt habkaluteal vayueppnl gndntihheesebvhrdatiant isnAfdr a [ imted plural
nunber of wavel engths are known. The indices of refraction for other
wavel engt hs are AmteraB$atee-hy) usi ng Cqaghy~s fornul a.
10 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. In the present

invention, the liquid crystal cell 15 is assumed to comprise

two transmissive cells stacked together.

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

When i denotes an imaginary unit and A denotes a

wavelength of 1ight, this phenomenon is expressed by a Jones
matrix J as follows:

20

3 (4 And, \ ) =(p+¢-q F+ivs ) @)

-r+i-s p-igq

cos ¢ cosfl + sing sinf /N1+o’

where p =
q = cos ¢ sinf ra /V1+O7
r = -sing cosf+ cosgsinp /V1+d



10 The Cauchy~s formula is described as follows. Wiere there is only data
of index of refraction for one wavel ength, the index of refraction is
treated as a fixed value. Were therejqare data of index of refraction for
two wavel engt hs, interpolation by a quadratic function of the wavel engths
15 is perforned. Wiere there are data of index of refraction for three
wavel engths, interpolation by a quartic function of the wavel engths is
performed. [Table 1] WAVELENGTH450 nnb50nnm650 nmNel. 62931. 62761. 6272~No
~1.48491. 49471. 4997 20 The angle oQFTﬁtation B of the polarizer 14 and the
angl e of rotatioh ¥ otng¢ heiaRalgzeV116 were set in the two nodes (a), (b)
below. (a) B = 0 deg. :-%$ eg. 19 (b) B = -45 deg., y~-135 deg. Then,
ref |ection intéﬁs'iﬂyAéﬁeét RO( ~i ) and RA 5 ( ~.i ) were neasured
and the ratio C ( 7~i calculated. ( See the foregoing fornul ae
(8)-(10).) 5 Meafwki pellw®th the conditions being the same, an intensity
reflectance EE* of the transmissive liquid crystal cell was calculated as a
function of wavelength ~, . Then, the ratio C theo(~.)between the two
intensity reflectances obtained in the two cases (a) and (b) was 10

cal cul @& ed. The ¥ataddition,) ghfeamdpnoess ¢ Ewastr anglal ngsAnithd t he
calculated ratio Ctheo ( ~,) were conpared with each other at five points
1-5 to gi veetagahtionyAnalvitele igapassest thheughveheodwtwand patis
Subsequentlz, a transmssive liquid crystal cell was situated in a cross

Ni col statEhaniPreparadini®l INFe #XrEea® tikisnghgnenanent i dnkdentigmhi ssi ve
optical system and the intensity of transmtted |ight (wavel ength of 550
nnm) was nebsutkd Horminka s@Ehe wWithe npgattesl symbo(sr afishwistvangbele). . 20 A
retardation end was determ ned based on the ratio between the intensities,
and it was di vi dEdle bjones mitfifir doge tbe pefiaadezeveanddeatnfer thenvavel ength
of 550 nmso as to obtain a liquid crystal cell gap d. The liquid crystal
cel |l gHps @nabyaenedrenexprefsededs efollawsmnde and transni ssive node

descri bed above are

. cos 6O
Polarizer (8 ) = (_ ) (3)
sin 6
cos y O
Analyzer (y ) = N (4)
0 siin y
16 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
20 cancel the twist that the light underwent in the liquid
crystal 15a. The Jones matrix for the rotator (¢ ) is

expressed as follows:



20 listed for the individual points in Table 2. [Table 2] TRANSM SSI VE
MODEREFLECTI VE MODEPO NT 16. 2756. 269PO NT 26. 2926. 294PO NT 36. 3316. 321PO NT
46. 3536. 341PO NT 56.4246.406 UNIT: ~,m Fig. 4 shows the result obtained
when the respective 5 liquid crystal cell gaps d neasured in the reflective
node and transm ssive node were graphed. Fromthe graph, it is obvious that
the respective crystal cell gaps d obtained in the two nodes are reproduced
with very high correlation. The correlation coefficient R~ when the
intercept is equal 10 to zero is 0,9802. Subsequently, as shown in Fig. 5,
actual ly rreasurqﬁotraegc; c@@ gn; teHfsi ryindhect ra RO (%) and R45 (~, i) at
point 5 were each graphe S a Emmnan@ of wavel en tﬁ, and theoretica

val ues of intensity reflectance EE*O(7~)and 15 EE*45 (~,) in the two angle

tti b | ot t ed and._di spl.a) ' ] Ve d
I A s R G Tl e AL IR S TR e
i ntensit t R45(~. i) G aph.B Thepreti. | i nt ensi t
rof | oot anceh B LA L5 B dne G 8RSk LET LB aE T Rbe Y cot ance
EE*45 (~,) : Graph 21 [%As is apparent fromFig. 5 the neasured
GRTR A phE

refl ecti orCPHI% $®m RO(7~i) (graph A) cannot be seen as
corresponding to the theoretical value EE*O(~.)(graph C. 5 The neasured

refl ectd on?i nt et ayieRert r LR ERSILY | 5/ EIRAANEP ) cannot be seen as
corresponding to the theoretical value EE*45(~,)(graph D), either.
Subsequent |y, theffexences tdeo(ef)amitiveerdndex Anoandt@atatyf refisdet ances
EE*O0 (~.) and EE*45 (~,) was cal culated 10 and graphed together with the
ratio C ( angle dettwebr measatréyentasar gek rldfqudck coysitafleati tyo spectra RO (
~ 1 ) and R45 ( ~,i ) as
more wavelengths are input in the data processing apparatus
19. The angle of rotation ( 8) of the polarizer 14, the angle
10 of rotation of the analyzer 16 (y) are set in the following
two modes (a), (b):
(a) 6 = 0 deg., y =-90 degqg.
(b) & = -45 deg., y=-135 deg.
With the liquid crystal cell gap d being set to a
15 plurality of values, an intensity reflectance EE* is
calculated as a function of the wavelength A for each of
(a) and (b). These are denoted by EE*0(A) and EE*45(}L),
respectively. Then, the ratio C theo(A) between the two
intensity reflectances EE*0(A) and EE*45(A)is calculated:
20 C theo(A)=EE*0(A) / EE*45()\)
The ratio C theo(A) is displayed as a group of curves in
which the liquid crystal cell gap d is the parameter.

3. Method for measuring intensity reflectance

3.1. Measurement of reference



shown in Fig. 6. Ctheo(~.): Gaph EC ( ~i ) : Gaph F 15 As is apparent
fromFig. 6, the two graphs E and F correspond to each other with very good
precision. Incidentally, the tiny pealy appearing around the wavel ength 550
nmis considered to be a noise, because the ratio where the reflection
intensity spectrumwas about O~ was 20 cal cul ated where the peak appears.

6. Exanple of nodification Meanwhile, the inplenentation of the present
invention is not limted to the foregoi ng enbodi nent. In the previous

description, the;aagl %R%Eer QFét iRPl&eﬁ%eQ%ﬁ%‘f‘uc?& RAlAY 17%e§at4oaRd the

angl e of rotation of the analyzer are set 1nthe tw nDdes

(a),(b) b .45 deg., y= -135
deg. Hovve\e/éer éeearal}nsﬁecss %aisq%]e g#eurrelr?t%ofssﬁgt {‘hé@‘bg\%ﬂ isted 5 ones, for
exanpl e, ( v YA ti b 30 deg ,
y= -120 decg)arlaab& i&r%lcbs Osfu%?] @Eéﬁgl g?'n‘% S%Ur%reat}l aa('%peé)t%r Blr}gt er 18 are
enpl Fyedtlhn %chga[]: %re ol ngﬁgeenlﬁlfn%ﬁp]sty &g%ﬁ’ﬁre r%t st %}ﬁas nmeans tlci ob'éal n
wavel eng 'e c Qﬂég ! source and a
nmonochr onet er e used. .In.the structures shown jn Fi 1 and 3, the
angl e Of |%Y%%g6FaFF§E%SHEF those apd ‘F?‘ERJ?HaJcP’?&lgtlSBFl 15 15
and the angle of reflection w2_of |light reflected fromthe Liquid crystal
cel | 15 aref $Bf 53¢ ﬁitf:e)vaq%él(gpﬁe’?e?%t@n BEREVERT164S 18YEE8si bi e to
set both of Wi and w2 to O degrees. Fig. 7 illustrates the configuration of
a |iquid 20refsxned tess the "M@@Q%@%M%qpm%éi@ are set to
O degrees. Parallel |ight rays that emerge froma lens 12 are introduced

into a |idirllegtiamfuEing the invargRnd poiwatd eravel dadthe Rappidi rror 21

(non-pol arized beamsplitter) so 25 as to be incident normal to the liquid
crystal ced¥ysiml layers, certain standardizing processing is

10 necessary.

Generally, such standardizing processing is
performed by measuring the reflection intensity of a
reference and dividing a measured reflection intensity of
the sample by the former.

15 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
the analyzer 16 is removed.

Fig. 3 illustrates a mode of the reference

20 measurement.

With this arrangement, the light measured on the
reference includes information on various characteristics
of the measuring system, which can be eliminated from the
result of measuring the sample as later described.

25 However, contrary to the case where the analyzer 16



23 Light rays reflected fromthe liquid crystal cell 15 pass through the
half mrror 12 to be directed to an analyzer 16 and | ens 20. The

af orenmenti oned pol arizer 14, half mrgkor 12 and 5 anal yzer 16 are secured
by neans of a frame conponent 22 and are adapted to be integrally rotatable
about an axis that is perpendicular to the surface of the prepared liquid
crystal cell 15. Incidentally, the polarization angle of the polarizer 14
is fixed to be horizontal (perpendicular 10 to the length of the sheet ) ,

and t he p%'tsaélt%%l‘nengflﬁg ?u'%% c}f]%h@??éﬁ{&rﬁél % 'tﬁefé%ﬁ’y%é’ by h%pbzon.t al

(parallel e ‘shee e analyzer 1s" detac Wth
this arra t f | i de QN the liquid
crystal ce é{] Cr?grpg%ﬁlﬁn% %‘3 I?]T%Ieect |nor11-‘%o Icig% Pected fromthe
liquid cr cel I 15 can be hot Claims 1. A

met hod fo%aaé%rt? E,‘c of*%a m"&%téF§s?’§|%°§&%1 bé’o%ﬁFFSi ng: (a) a
step of neasuri a re ectlon i ten % ééoss Ni col state by

sel ecting a co ﬁgg tREASPHoFArY |0F|e ﬁﬁ?@cﬁ JF?&NPFFSﬁFdof a light

source and i ntroduc t he conponent |nto a liquid crystal cel repared as
a sanpPe FSiY & C&r iPXér 5 2Rd PadSi hBSI FYRtOF PR TP IRSHT tprfeal i quid
crystal cell through an anal yzer; 10 (b) a step of neasuring a reference
refl ect i ortiGHUSHAIY yiTHEMIMEtion CohFAGioN swskag acherasaligseOti $h@et ached by
sel ecting a conponent with a polarization angle of Bl fromllght of the

| i ght soumaasard N tSysdha r@glcfﬁél%m@ﬂmdmc@mom@mm &8ing the
polarizer; 15 (c) a step of neasuring a reflection intensity S2 in a cross
Ni col statf@lﬂyovzssl ecting a conmponent with a polarization angle of B2 from
light of the Iight source and introducing the conponent into the liquid
crystal cell usi Rgfihe Befiari zer, and passing light reflected fromthe
liquid 20 crystal cell through the analyzer; (d) a step of neasuring a
referdfce refl edtithnthet engléyoRaefcrdtnicn doofli therpolwerezdihd Jasakyzer is
detached by selecting a conponent with a polarization angle of B2 from

| i ght of tilmethieghwosmedes (@n)d andt  bilueehgw 1 hee fdegideentinitens i23eshe
reference using the polarizer; and 25 ( a ) a step of calculating a ratio
bet ween t IRefiteaqud RbfidH erfSitheed iShidRefrF/s$21 Reflll and udeideas nheg t he gap
of the liquid crystal cell based on the ratio between the neasured

intensiti eefSreddf Hre mddfdred a& allpaureiiied oF waRaIwhgthst g gap of a
liquid crystal cell according to claiml, wherein reflection intensities at

a cross Ni(adlerst a&e, @ £ 3t heos at;i ndls yn daitergametatais awpl o aloirey yof i qui d
crystal cells having different cell gaps with the polarization
15 (a) 6 =0 deg.
(b) 08 =-45 degq.
The reflection intensities Ref0 and Ref45 can each be
expressed using subscripts s and b as follows:
Ref0(Ai)= RefO,(Ai)+ Ref0, (A1) (6)
20 Refd45(Ai)= Ref45,(Ai)+ Ref45,(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

rotation 8 of the polarizer 14 and the angle of rotation

25 yof the analyzer are set in the two modes (a) and (b) below,



10 angles set to 81 and B2; and the ratio between neasured intensities Sl
Ref2/S2 Refl is conpared with ratios between the theoretically determ ned
reflection intensities so that a valug of cell gap corresponding to the

cl osest theoretical intensity 15 ratio is determned to be the gap of the
liquid crystal cell. 3. The method for nmeasuring the gap of a liquid
crystal cell according to claim2, wherein the reflection intensities S1,
Refl, S2, and Ref2 are each nmeasured in the formof a wavel ength spectrum
and the 20, iReHetLERboE I0RNHIRS 1As 6818483 Ul gd hﬂ%_@}gs gym of a
wavel engt h spectrum so that a varﬁ ue of cell ‘gap corres%on ing to a
theoretical intensity ratio that, provides the best fit curve..s determ ned
Lo be t he GEBL of S TS I TERTEF e y&t B ECEFTen LUt ey skl i neasur | ng
the gap of a liquid grystal 2G geéhpsccordi ng to claim1, wherein the
liquid crystal ceit) H;C)r‘e alf&d "as Ya™s €9ts used as the reference. 5. The
net hod for neasuring the %ap of aliquid_crystal cell according to claiml1,
wherein the |iquit) & Vst4P E&9-5Fs1d5rd®Pective liquid crystal cell. 6.
The net hod for neasuring the gap_of a liquid crystal cell according to
claim P, wherei 'Ry EhguRGERYeAAe Rt IQN dntieRsdkiiesi SR (M Y& @ cryst al
cell. 7. The nethod for neasuring the gap of a |iquid crystal 10 cell
accor di ng $4° tAh) mue dhekdsd by gHe i ee kRGO dntansid fiefciafeftheat an
angle of cul on the liquid crystal cell prepared as a sanple and |ight that
i s refl ecteeference Refl Qui )mnd Ref4l5 (ddl)l, nespeebivelyi dthawvglaest cut is
neasured. 8. The nethod for neasuring the gap of a liquid crystal 15 cell
accor di ng resel tédn fromittdiecdavialianOadegridricenyas1B0 (k) , R45Td )vet hod f or
measuring the gap of a liquid crystal cell according to claim7, wherein

W =0 deg. mespecRivelieg.R®O\.i2fnd R45(Ai) are expressed as follows:
.A59. A" . As. A,s.AL.A . As. A A .AS.AsY.As.A.AAs. As. A s. A@e. As. AX. A . A@
.As. A10. AS . ASL RO(Ai)= SO(Ai) / RefO(Ai)

=LMNO cC-j PZ\ ={% i {vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ]Iyl qRdifdsa)tia] R&8),qaligoa] cTal(®) / nmBg

v+ (] =y&c} xsnid_Z]]ca]ca]ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
1 ca] ca] ca] ca] ca]r4f @ai] )-a ]|k (Oal )c @] Radfalb|(@al)c, i ;

yWeBx( gUW xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] cal=<&dasx)dg)/c JReHlacal Xh) Ddkef 5 KAL) ) (9)

a] ca] ca] catked £ atlve] ] i @] i0abeaeznc RD¢ AL ¢ ahdaR ¢ B | By #$ TRKESIDOR &a &&&S&'
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.S.h..../?/g/l/0Q0} xsi &oqNigakas)¢a))q cepesd apdiakcrbeabealioalcal cal calc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]cal 00111222, 2 2c2f 22222

31 3333244 ¢4 46N53566'\Re¥B-yA D) £] [ V] ca] ca] ca] ca] ca] ca] ca] qgloga] ca] ca] ca] ca] ¢
a)J ca] ca] ca] ca] caV] ca] ca] ca] ca\fca] ca] caV] caV] ca] ca] ca] ca] ca] ca! y6~666627j 77
7788#9U999999: J: M the $etond parentheses [ ] in the right-hand side

00 {vagl gb\W ] caV]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]caV]ca]ca]ca]ca
] ca] ca] ca] §2]wad ¢akGal @@ig/ﬂ Qﬁ]é%b@%b%@ﬂh@%éﬁﬁ@éﬂé%ﬁ?ﬁ%%‘%f‘ﬁ >@>>>;
?{??7???2@\BA| AAABB| wr mhc” ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] cay Ca%&éiﬁ%ﬁﬁ&l cebfpdrEhEARERD C@Jic‘)%] e2kcaheavhed! B&BjRBBBBCDD>Ds DDDD7E
gEEEEE3FnF+FFF HaH H} xsni d_Z] ]’] ] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

| ca] ca] cal sgheahea} cald aldrlwal aal caleakralaakagl.cahneh cal s alididdHHHE! I 1]
1 J0IVIJIJIKHKPKKKKLSLCL{ LMMVMNXNUN| wr mhc”Y] ] ] ca] €a] ca] ca] ca] ca]ca] ca] ca]ca]c
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a] ca] ca] ca] ca] ca] ca! g: ggggghhKhmhhhi
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{4{|C|}|||-}}}}}ymmmﬁx|mwnhcAY]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca =Nb @

$10%& ()-"!, 0 $10% & ()-°  $10%/& ()- | @O%& ()-f:10% & () -

910%&' ()-' cdE! YI0% & ()-Y310% & ()-M10% & ()-110% & () -

10% & ()-Y-10% & ()-C j PAE! YOGLO% & () -

D M10% & ()-Y&GLOY & ()-$!'10% & ()-"10% & ()-Y 10% & () - PWKYZ\ bC! 3" F10%

U& ()-3Y F10% U& ()- S10% U& ()- s10% U& ()- 10/ 10/

L PO E R, DU (i SRR OIS )
u& () - 10Kgf§%§) 10%)U& ()- / nBaBbC 10% U&' () -14m0%
Accordingly, by dividing SO(Ai) by Ref0,(Ai), and
dividing S45(Ai)by Ref45 (A1), the ratio C(Ai) provides a
5 true ratio between reflection intensities of the sample
where the background component is eliminated.
4. Determination of the cell gap
A graph of ratio C(Al1) obtained by actually measuring
the liquid crystal cell 15 is fitted to graphs (which
10 comprise 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 liquid crystal cell gap
measurement system according to the present invention
(reflection mode). The measurements were carried out at five
positions.
The rubbing direction of the surface of the

26 transmissive liquid crystal cell was set at -60 deg. and
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5 in Table 1. Index of refraction is a function of wavelength.
In reality, only indices of refraction for a limited plural
number of wavelengths are known. The indices of refraction
for other wavelengths are interpolated by using Cauchy’s
formula.

10 The Cauchy’s formula is described as follows. Where
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

15 is performed. Where there are data of index of refraction
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
20 The angle of rotation 6 of the polarizer 14 and the

angle of rotation y of the analyzer 16 were set in the two

modes (a), (b) below.

(a) 6 = 0 deg., y =-90 deg.
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, bC 10/1 10% & (i-l f GLO% & (i “10% & () - 10/
crystal 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

10 calculated.

The ratio C (A) between actually measured values and
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.

15 Subsequently, a transmissive liquid crystal cell was
situated in a cross Nicol state and a parallel Nicol state
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).

20 A retardation And was deiermined based on the ratio between
the intensities, and it was divided by the difference of
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

25 reflective mode and transmissive mode described above are
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Fig. 4 shows the result obtained when the respective
5 ~liquid crystal cell gaps d measured in the reflective mode
and transmissive mode were graphed. From the graph, it is
obvious that £he 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
10 to zero is 0.9802.

Subsequently, as shown in Fig. 5, actually measured
reflection intensity spectra RO(Ai) and R45(A1) at point 5
were each graphed as a function of wavelength, and
theoretical values of intensity reflectance EE*0(A)and

15 EE*45(A)in the two angle settings (a) and (b) were plotted
and displayed in overlay.
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

20 C

Theoretical value of intensity reflectance EE*45(A): Graph
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corresponding to the theoretical value EE*0(A)(graph C).
5 The measured reflection intensity spectrum R45(Ai)( graph
B)cannot be seen as corresponding to the theoretical value
EE*45(A) (graph D), either.
Subsequently, the ratio C theo(A)between the two
intensity reflectances EE*0(A) and EE¥*45(A) was calculated
10 and graphed together with the ratio C(Ai)between actually
measured reflection intensity spectra RO(Ai)and R45(Ai) as
shown in Fig. 6.
C theo(A): Graph E
C(AMi): Graph F
15 As is apparent from Fig. 6, the two graphs E and F
correspond to each other with very good precision.
Incidentally, the tiny peak appearing around the wavelength
550 nm is considered to be a noise, because the ratio where
the reflection intensity spectrum was about 0% was
20 calculated where the peak appears.
6. Example of modification
Meanwhile, the implementation of the present
invention is not limited to the foregoing embodiment. In
the previous description, the angle of rotation ( ) of the

26 polarizer 14 and the angle of rotation of the analyzer 16
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(y) are set in the two modes (a),(b) below:

(a) o

0 deg., vy = -90 deg.

(b) 8 = -45 deg., y= -135 deg.
However, the angles may be different from the above listed
5 ones, for example, (b) above may be substituted with (b’)
below:
(b') 8 = =30 deg., y= =120 deg.
In addition, while the light source 11 and
spectrometer 18 are employed in the foregoing cell gap
10 measurement system as means to obtain wavelength spectra,
instead of this combination, the light source 11 and a
monochrometer 12 may be used.
In the structures shown in Figs. 1 and 3, the angle
of incidence wl of 1light incident on the liquid crystal cell
15 15 and the angle of reflection w2 of light reflected from
the liquid crystal cell 15 are set to finite values other
than 0. However, it is possible to set both of wl and w2
to 0 degrees.
Fig. 7 illustrates the configuration of a liquid
20 crystal cell gap measurement system where wl and w2 are set
to 0 degrees.
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

25 as to be incident normal to the liquid crystal cell 15.
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pass through the half mirror 12 to be directed to an analyzer
16 and lens 20.
The aforementioned polarizer 14, half mirror 12 and
5 analyzer 16 are secured by means of a frame component 22
and are adapted to be integrally rotatable about an axis
that is perpendicular to the surface of the prepared liquid
crystal cell 15. Incidentally, the polarization angle of
the polarizer 14 is fixed to be horizontal (perpendicular
10 to the length of the sheet), and the polarization angle of
the analyzer 16 is fixed to be horizontal (parallel to the
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

15 reflection of light reflected from the liquid crystal cell

15 can be both kept at 0 degrees.
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(a) a step of measuring a reflection intensity S1 in

5 a cross Nicol state by selecting a component with a
polarization angle of 61 from light of a light source and
introducing the component into a liquid crystal cell
prepared as a sample using a polarizer, and passing light
reflected from the liquid crystal cell through an analyzer;

10 (b) a step of measuring a reference reflection
intensity Refl in a condition where the analyzer is detached
by selecting a component with a polarization angle of 61 from
light of the 1light source and introducing the component into
a reference using the polarizer;

15 (c) a step of measuring a reflection intensity S2 in
a cross Nicol state by selecting a component with a
polarization angle of 62 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

20 crystal cell through the analyzer;

(d) a step of measuring a reference reflection
intensity Ref2 in a condition where the analyzer is detached
by selecting a component with a polarization angle of 62 from
light of the light source and introducing the component into

25 the reference using the polarizer; and
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the ratio between measured intensities S1 - Ref2/S2 "
Refl is compared with ratios between the theoretically
determined reflection intensities so that a value of cell
gap corresponding to the closest theoretical intensity
16 ratio is determined to be the gap of the 1liquid crystal cell.
3. The method for measuring the gap of a liquid crystal
cell according to claim 2, wherein
the reflection intensities S1, Refl, S2, and Ref2 are
each measured in the form of a wavelength spectrum and the
20 theoretical intensities are each calculated in the form of
a wavelength spectrum so that a value of cell gap
corresponding to a theoretical intensity ratio that
provides the best fit curve is determined to be the gap of

the liquid crystal cell.

25 4. The method for measuring the gap of a liquid crystal
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9. The method for measuring the gap of a liquid crystal

cell according to claim 7, wherein wl=0 deg. and w2=0 deg.
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