. ;e3eCF!IL$X 6 TF!: HF METHOD AND DEVI CE FOR MEASURI NG CELL | CALLY
"AL| GNED BACKGROUND OF THE | NVENTI ON 5 Field of the |nven"Mﬁ\“ﬂm‘WﬂEem
invention relates to a nethod and a 10,device for neasur ckness

of a vertically aligned liquid crystal “(hereinafter referred*#3%as "VA

liquid crystal) being sealed in a panel. Description of Related Art Liquid
crystal display panels conprise glass 15 layers at their top and bottom
with the i ’EH%@dP@PeDEH E FORYEARIURENG €BLE GCAGUPE CERIIAHALI%e portion
to be filled with the liquid crystal is previously filled with air until

the |iqui (ALCIGNESD LBQYERI eéRVSEARI PANEder e has been a conv ' hod
of nmeasuring 20 the thickness (cell gap) of a liquid crystaﬁMHH@@@M“ﬂ@%a
panel, in which light is directed from above the panel w thou id
crystal sealed therein so that reflection interference of the I'F§M*is
measured t i t §iC ir layer, which is regarded as the

t hi ckness %?egﬁgédlq%i g%?@?‘fiﬁ@%‘t‘?ﬁgﬁ ection-interference nethod). .
T ~5 2 wever thg thiqgness of the air layer and that of the liquid
crystal aff &F1Beity &% E3ViSP %% not identical in a strict sense

Accordi ngly, developin% a nmethod for, directly neasuring the_ thickness of a
5 1iquid crystalTRftBFeSENt AeRELPA Kl peeh hRaft BELHORt2RE Rnown
method is a nmethod in which the birefringence property of uniaxial crystals
that |iqui de¥i¢s af er hBeasuy ing| thed ilickress pdnerventdcaElghlt is
directed through a pol arizer perpendicularly 10 to the surface of a liquid
crystal paadiomead liduidiarystal (hereinafter referred to as “VA

liquid crystal”) being sealed in a panel.

10
Description of Related Art
Liquid crystal display panels comprise glass
layers at their top and bottom with the intermediate
layer being filled with a liquid crystal. The portion
15 +to be filled with the liquid crystal is previously
filled with air until the liquid crystal is sealed

therein.
There has been a conventional method of measuring
the thickness (cell gap) of a liquid crystal sealed
20 in a panel, in which light is directed from above the
panel without the liquid crystal sealed therein so that
reflection interference of the light is measured to
obtain a thickness of the air layer, which is regarded
as the thickness of the liquid crystal

25 (Reflection-interference method).



‘crystal sealed therein so as to neasure an optical transmttance. Based on

‘the optical transmttance, a brrefrrngent phase difference (which is

cal |l ed

"retardation”) of the liquid crystal iy determ ned, 15 from which the cel
gap is obtained. (Refer to H L. Ong, Appl. Phys. Lett. 51 (18), 2 Novenber
1987, ppl398- 1400, Japanese Unexam ned Patent Publication Nos. H4-307312

and H2-118406.) Altho%gh bove- nentrg gg netho& is an 2 e%c I 1 ent
u

measuring meth odOHEY] |Zlﬁ %FP I KREFFng CofdferdyY OF 4% rys
it is only effective for quid crystals whose crystal axis is in a
di rect i on®faidie ell%lflherplaﬁw%rlsaﬁrt@cre behBgi fespteeabre a%s | RQBi d

' al s,

crystals including the Va 25 liquid crystal whose crystal axis is inja

directi onidentiecal in,a3speipdndiens @i Aocohel ipemky , sdefadep This |
because, as far as uniaxial crystals are concerned, the liquid cryst

whose cryat aletid& £6ri dix<lit et nedspefdendtael am 16k £ 88 spael a sur f
not different 5 froman isotropic liquid crystal when viewed frontth

ravels no1digh Iy s &4 L Norgl.t e 1eLeq 'ewlgnh%rfsre%tp ted ,men

above may be enplo for the isotropic |qur crysta ghe to pfoxi
the refractive q crys g o]
interfering |ig%8°%§ggid§%?%é Hfgﬁgﬁ%r% e, ét %seéﬁ1 $ gbgnarg
error asured filntthlctnes IS tEerefore in 3G$Ct of t
present 1 FBRTES @%ﬂﬁ%ﬁ ¥ ﬁirﬂﬁﬂ%ﬁaa e F3tfaddiftatel y
measuri ng the thrckness&écell é of. a VA Irgyrd crystal havrng a
bi r ef ri ngdrh@® If SFe¥g | ogévﬁptlﬁc tiddizeqd sip FUChid MARBRLPERBEN
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to the surface of the liquid crystal panel. 20 SUMVARY OF THE | NVENT| ON The

met hod of ﬁ@d’sﬁjrlt%g“d-‘%tﬁdg*QBr@ﬂg@ VAppul@ﬁweryseape@Mmlaglwo t
i nvention conprises the steps of : extracting a fixed polarized conp
fromP®h | tghthef smrdfiahe shua detqulidecriysg alhedraghtwbththeliquid

crystal sealed therein so as to measure an optical
transmittance. Based on the optical transmittance, a
birefringent phase difference (which is called
“retardation”) of the liquid crystal is determined,

15 from which the cell gap is obtained. (Refer to H. L.
Ong, Appl. Phys. Lett./51 (18), 2 November 1987,
ppl398-1400, Japanese Unexamined Patent Publication
Nos. H4-307312 and H2-118406.)

Although the above-mentioned method is an

20 excellent measuring method utilizing the
birefringence property of liquid crystals, it is only
effective for liquid crystals whose crystal axis is
in a direction parallel to the panel surface, and
inapplicable to liguid crystals including the VA

25 liquid crystal whose crystal axis is in a direction
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pnent




. 4 polarized conponent to the liquid crystal panel such that the light is
“incident obliquely on an optical 'axis of the VA liquid crystal panel;
measuring transmttance intensity of agspecific, polarized 5 conponent of
the light that has passed through the VA liquid crystal ganel; determ ning
a birefringent phase difference Rof the VA liquid crystal based on the
transmttance intensity; and obtaining a thickness of the VA liquid crystal
by neans(ﬁefﬂgn&ﬁ%ﬁ%¥%ggﬂttBﬁaQén FHFERERce IR Fhd- YR &CBM 8%y or di nary
refractive index no and an extraordinary refractive index ne of the VA
liquid crya$ dlar Afe uniakiadfcrusthilgharsgoneenpadi ohbe 4bdaa ity be a
nmonochromatic light or a polychromatic light 15 (e.g. white light) . In the
case of a esmysthlondidsel cglgstatlheaxbasisenenta odirke ttireamsmni ttance
intensity can be carried out directly by a light receiving elenent. On the
ot her handpeipehldd eb&rotoatpel yalelreihefhcent id hfotreasareritit of the
transmttance intensity is 20 carried out by the light receiving el enent

via a gpec cQRpes i i te] t lgh at the
L ant o T eane PR ash £ on gREd St Y FE A Ve et LT

panel , birfiah@gqﬂﬁfg%ffﬁsgd Téﬁ%ﬁ% y the liquid crystal |ayer is

artificialTy?genera ccor 'y, the thickness of the VA liquid
crystal can be accurately. neasured,. The .devigce for nmeasuring. a cell gap of
a VA 1iquid cryst dti GRCBEB FR& o ¢ hFECFARI I EHCESRRARES Reghadgnt 5
source; a polarizes for extracting a fixed, polarized conponent fromthe
light of tRenFigmedoibere B RE aRPdoyad | FQr nEdss Jcﬁafbngﬁp@l&f di recting
the light of the polarizes to the VA liquid crystal panel such that the
light is ihtHddsk TOYSHadly dare 80 oprpEaimisy soéf the trefyactiijg d crystal
panel ; an anal yzer for extracting a specific, polarized conponent of the

| i ght tthat ihdexpashelighidugirytsieaVAtlo qihalt cofsigdlasmmpebnly Ilwghk recei ver
for neasuring transmttance intensity of the analyzer; and data processor

for obtai ningea fiér bhgeltighgenis pbrpecdidd erengenBreftd hewdAdh qui d crystal
panel based on the transmttance intensity so as to obtain a thickness of

BQ?aVA i qohds@sysd agreY tMaditsg Ph ble N ®f r i AgeMe REsSudidd ef enme R and
thickness.
It is therefore an object of the present

15 invention to provide a method and device for accurately
measuring the thickness (cell gap ) of a VA liquid
crystal having a birefringence property whose optical
axis is in a direction perpendicular to the surface
of the liquid crystal panel.

20
SUMMARY OF THE INVENTION

The method of measuring a cell gap of a VA liquid

crystal according to this invention comprises the

steps of: extracting a fixed polarized component from

25 1light of a light source; directing the light of the



‘ of an ordinary refractive index no and an extraordinary 20 refractive index
“‘ne of the VA liquid crystal. Thi¢ device includes optical axis setting
nmeans capable of directing the light t9 the VA liquid crystal panel such
that the light is incident obliquely on the optical axis of the VA liquid
crystal panel. Directing 25 the light so as to be incident obliquely on the
opti cal i VA Liqu ¥st o A fr C at results
only fromﬁﬁﬁg*?agﬁdkgaﬁék%hﬁa§§rE %§Q§%|f¥% g%la eéﬁ?gtgg%m

Accordi ng i.ckness qf th VA UId rystal panel n be neasured 5
accur at el Qyﬁéﬁhq%'—e B éﬂ 3)|/:PB inl%Pﬁlﬁlagcﬂxd-isagr a
schematically showing a cell gap neasurenent device. 10 Fig. 2 is a b] ock
di agr am scéHentkecHA W ihvif ngryisd adlelpanap ;ndwasentng device in which the
frame is inclined. Fig. 3 is an illustration for explaining the relatfon
bet ween artmamsmi8 t@nde ghhtensiidgntobHnaasYhclif ic gqupdlamyisiad and an| angl e
a of the light passing through the VA liquid crystal. Fig. 4 shows an} i ndex

el lipsei d cdmpbaerd bifquwink arygiel thktdhad pAewed henioden ehld pgoi d hwhen
the light 20 1s inclined. Fig. 6 is a partial viewof Fig. 5. Fig. 7}s a

Per spect i Ve b e ofy8R ag988REha! aRWelnpty 0 bR £AL pSKReRLI ah oh the

I nci dent angfe B is til wi tH respect to -axi's center.
7 Fi 8 t t d th
L Pobt ai neli %%@?‘heesf’%ﬁgt <, g oL S8, ?%#%%aég%ry taF P8y adupl 1y

vori oo o g8 b0 08 FhBand 3 PR ELOMARE, £ EETEbSLe PV LR o
DESCRIPTI C%\lhgill;rTqu?ﬁEdFEFégEs[%aEi\/%C)]rDIIx\XEuLSOf thebirefringent phase
10 difference R and data of an ordinary refractive index
no and an extraordinary refractive index ne of the VA
liquid crystal.
The ”"1light of the light source” mentioned above
may be a monochromatic light or a polychromatic light
15 (e.g.whitelight). Inthecase of amonochromatic light,
the measurement of the transmittance intensity can be
carried out directly by a light receiving element. On
the other hand, in the case of a polychromatic light,
the measurement of the transmittance intensity is
20 carried out by the light receiving element via a
spectroscope.
In this method, by directing the light such that
the light is incident obliquely on the optical axis

of the liquid crystal panel, birefringence caused only

25 by the liquid crystal layer is artificially generated.




.10 Fig 1 is a block diagram schematically showing a cell gap neasure
‘devi ce. The neasurenent devicé conprises a |light source 11 such as a
hal ogen | anp, a nonochronmator 12 for obtaining a nonochromatic |ight
incident light 15 fiber 13 for guiding the light emtted fromthe
nmonochromator 12, a polarizes 14 for extracting a |linear polarized
fromthe |ighb Qfidd®y | Nehdentnd ghbsti e e 9aSamR i YAckiyauih c
panel 15, an aﬁalyzifinEPor%&Jfrg@tfng ?Itl;ngar pgtlr%flz%/d l'r‘:yght 20
the light {hat,has passe hrough_ the .VA liquid crystal panel 15, a
emergi ng | aﬁtbﬁlﬂééﬂ§ag8ﬁ%yﬂ%%§@r?ﬂé light that has passed throu
anal yzer 16, a light_receiver 18 and a data processor 19. The incid
light fiber 13, The dswigenforimpesysingarcel gap pblaMAddawidn
anal yzer 16 are fixed 8 in a frame. The incident angle B of the Ii
i nci dent ofryséavAaicapidingyse dihpadgivastian bempiaires: by lrioglati
frame, for exanple, by a notor M Data of the rotation angle of the
are tosbe sopuictesd & pal 4 hezdat fiopr egesawt iRg AMefihwbidl, epoila ok gled
change the incident angle 8 of the |light incident on the VA liquid ¢
panel 15, acipheM omWbhen1ibdd s ifiged sbikeesd bl Echor
mounting the VA liquid crystal panel thereon 10 is inclinabl'e may al
adopted. FLQ. o2 d « blo i epwt 3G i t | L, ¢04
hQ&s .sest@ﬂ?ahﬁéa%sﬁfe&afa;g%ﬁfg. gg! 'dﬁéé’tf@@"“tﬂ% %%eﬂgfbg _

measur ement evice I n Icht ane i s’ inclined an an

2 A S M A e AL

th h the VA_Liquid crystal | .15 i due_t f, ion., Wen|th
ref ract i ve tPbHik U FREIGRY CARILFYZ 8P A8 BBELTAR £XhE A1 lequal s

to 1 because usually the outside of the VA liquid crystal 20 is, air)
the réfd actib@eVintbgudd e¢RESHAY Pélﬁ‘ied ic Ays f BR LiYZ /feffiofe 8 ¥4 42t 1RHe
rel ation between 8 and a is represented by the foll ow ng equation: r
sing= nl sPnePePifinel potardwed component of the light that has
passed through the VA liquid crystal panel; a light
receiver for measuring transmittance intensity of the
analyzer; and data processor for obtaining a
15 birefringent phase difference R of the VA liquid
crystal panel based on the transmittance intensity so
as to obtain a thickness of the VA liquid crystal by
means of the birefringent phase difference R and data
of an ordinary refractive index no and an extraordinary
20 refractive index ne of the VA liquid crystal.
This device includes optical axis setting means
capable of directing the light to the VA liquid crystal

panel such that the light is incident obliquely on the

optical axis of the VA liquid crystal panel. Directing
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25 the light so as to be incident obliquely on the optical
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. Here, the refractive index n2 of the VA liquid 25 crystal cannot be
"determ ned as a uni que val ue because ° 9 of the birefringence of the VA
liquid crystal. Accordingly, an aver age val ue taken from an extraordi nary

i ndex ne and an ordinary index no is used, which is given by 5 n2=(ne+no)/2
(2) In addition, the optical path length inside the VA liquid crystal is dI
as shown in Fig. 3. The relation between dl and the thickness of the VA
liquid cr#$td Ofcehe Yhdlald creptadent tavsybirgfainggngesgbat 3 ) Fig.
4 is a perspective view of an index ellipsoid of the VA liquid crystal. The
crystal axiesudfts henVx Ifirpm dtbeydtiguid seysaladngldperzitaxitse of the

coordi nate system Since the VA liquid crystal behaves as an 15 isotropic
nmedi um t oad til flid i RBREP Iyt dBedi.n hbedid £egl9n @fhd henZchricss t he
refractive index is not dependant on the polarization direction of the
l'ight. Fig. id |wgt ; ' 1 D$0jd ,,Of iqui d crystal
being til taefdﬁ:bﬁyé avﬁﬁagg}qgﬁol% h%.:&‘gl'ﬁg)izedzaoﬁggx%:gndé)n%pg%é{téﬁlgegjyst al axis of

the VA I qhﬁ |, and the z-axis denotes the traveling direction of
t he Iﬁbhtg éggyéigkis and the z-axis forman angle a . Fig. 6 illustrates

a part taken fromFig. 5in 25 which the part is hatched. A refractive
i ndex n a 10 inside the VA liquid crystal of a |ight beam whose anplitude
isin the direction of the x-axis ( the light beamis hereinafter referred

to as theBROEF BESCRIRT M | QBe THEarRBAWENGSt ai ned fromthe following 5
equation: na=[ne2no2/(ne~cos2a-~no2sin~a: ) ]11/2 (4) Meanwhile, the
refractive i ndeRigf la 1$ gt bbeark whibzgr ampisicheiea t$ciad lithes lowdatg on of the
y-axi s (the

a cell gap measurement device.

10 Fig. 2 is a block diagram schematically showing
the cell gap measurement device in which the frame is
inclined.
Fig. 3 is an illustration for explaining the

relation between an angle 6 of light incident on a VA

15 1liquid crystal and an angle a of the light passing

through the VA liquid crystal.

Fig. 4 shows an index ellipsoid of the VA liquid
crystal.

Fig. 5 shows the index ellipsoid when the light

20 1is inclined.

Fig. 6 is a partial view of Fig. 5.

Fig. 7 is a perspective view of an essential
portion of an optical system in which the incident angle

6 is tilted with respect to the y-axis being the

25 center.



-light beamis hereinafter referred to as the "ordinary 10 beant ) is the
‘sane as the ordinary index no 'of the VA liquid crystal. Accordingly, a
difference Dn in refractive index betyeen the ordinary beam and the
extraordi nary oblique beamis given by the follow ng equation . 15
L1n=ABS(na-no) (5) where AHS is an absol ute value, D n=0 when a =0, and

~n>0 when a>0. VVth g and no of the VA liquid crgstal and an i nci dent
angle 8 given af it a8 theddST2RN O%E%’&lngl? XetpkdOaPehyPERa of the
extraordi nary oblique beamthat passes through the VA liquid crystal by the

equati ons nehanddtiz)n Fubsdéquwanellgngthcdl cibtbdnedhavhiefir atilei ve i ndex na
of the light inside the VA liquid crystal by the equation ( 4 ) , and the

di fference difefiti Anfld ctdy '\V'ﬁell@(ut&"ec)?%b'ﬁh'lo&s( Jrakeualy 11 Wth
the difference Dn in Tefractive index "havin een obtained, a retardatlon

R bet ween di nggt he extraor d| nary obli que beam that pass
t hr ough tﬁg]’\e/]/kgfll l(’:‘il%léa)é&/crys'?l]'aq’Jl ?s experinentally 5 determ ned and is given

to thegdata pro%q_ orgflL \ﬁng%tg quﬁfsﬂo ek t@qpfgcgd ?%%S-'Toqﬁ opti cal

pat h Iength dl crys panel ~bas oW ng
equati on:

bsequeni | data RLOCESSO! converts the
opti cal p |8H§Fr+ ngFii \72\6 %G&e@ecc??sfﬁl an aothOBe?ﬂ 3ap do by
means of the eguatlon 3 ) above . Thus, the cell gap of the VA liquid
crystal cah BRVEBEAILH 0F55P9 WM& been understood from the af orementi oned
expl anation that the user of the cell gap nmeasurenent device needs to input
the data ne and no of the VA liquid crystal in the data processor 19, as
well as to find the retardation R between the ordinary beam and the 20
ext r aor di ri3E §CRAPIJON beBnTHEa P REBRERRADOEMBRMEMIRTISI qui d crystal when the
incident angle 8 is tilted. Now, how to obtain the retardation Ris
di scussed. Fig. Figslaipeaspdaidikediagwani sdthemaeriidsallposhiowimg an :
optical systemin which the incident angle 25 8 is tilted with respect to
the y-axi sabeenqd ig¥p GRehBLrement device.
The measurement device comprises a light source
11 such as a halogen lamp, a monochromator 12 for
obtaining a monochromatic light, an incident light
15 fiber 13 for guiding the light emitted from the
monochromator 12, a polarizer 14 for extracting a
linear polarized light from the light of the incident
light fiber 13, a sample VA liquid crystal panel 15,
an analyzer 16 for extracting a linear polarized light
20 from the light that has passed through the VA liquid
) crystal panel 15, an emerging light fiber 17 for guiding
the light that has passed through the analyzer 16, a
light receiver 18 and a data processor 19.

The incident light fiber 13, the emerging light

25 fiber 17, the polarizer 14 and the analyzer 16 are fixed



12 The direction of the incident light is shown as the z" -axis, while the
X" -axis is set in a direction pérpendicular to the y-axis and z" -axis.
The pol ari zation direction of the polgizes 14 5 is tilted by 45 cl ockw se
with respect to the y-axis within a plane including the y-axis and x" -axis
The pol arization direction of the analyzer 16 is tilted by 45 cl ockw se
wWith respect to y-axis within the plane ingcluding y-axis and x" -axis so as
to neasur &N1® Erapgnsihe ancddenerngleTy f Yihﬁaiéglhél igiccgierbndi ti on.
Then, the analyzer 16 is further tilted by 90 (135 in total) so as to
nmeasure aofr &dkhiVRahdauild geysyatc nanel cldssad doe €8AdISDPYI n the
parall el nicol condition, the 15 transmttance intensity Tp is represented
by Tp=cosrpo®atihg thet Heamessforc@xammieti by, & hmotpandhi thahae
intensity Tc is represented by Tc=s in2,Q (8) 20 Here, with a wavel ength at

the measupgmehRle gbven iasn .4AdBedef ited st dr MR dre HPbe Rinpueeelts in the
follow ng equation: Tc/Tp=tanz,Q ( 10 ) 25 Then, the retardation Ris given

by 183 Rigleg@nadeh E%dé%%go£ 13 ) Incidentally, the present invention
is not limted to the above-nenti oned enbodi nent. |nstead of the

conbi nati on of | jjaht _source he 5 ochronat or, 12 used in the
above enbodi rren#’l,ggé’w%g%?’ b%érﬁ%%%tfgggréx}ggge{]gg‘& 8¢ ]tci]%nﬁvﬁ?)gingonati C
i ght sourgce. In addition, although the transmttance intensity neasurenent
i s perforredPByt hBahsgbt ANEAd&ghbidhitinghVéf Linaiq gy sbalceanel t he
nmonochromat or 12, and the |ight receiver 18 in the above enbodinent, it is
possi bl e @ 13 MAghe nf nbRoWhdGHatoRe 15 r38@ the df dxese whEhBcAr oscope
before the |ight receiver 18. The way of spectroscoping when using a
spect r osc PP 1% Gy maurk bnor bhel YAdeiangdnegy sita Wrake lfiohesraml e, a
color filter, a prism a grating or the Iike nmay be adopted. Furthernore,
i nst eh@d ofisusimglfihebis arap &dso be adopted.
Fig. 2 is a block diagram schematically showing
the cell gap measurement device in which the frame is
inclined by an angle of 8. Inthis condition, the angle
of the light incident on the VA liquid crystal panel
15 15 is @ as shown in Fig. 3, and the tilt of the light
passing through the VA liquid crystal panel 15 is «
due to refraction. When the refractive index outside
the VA liquid crystal is defined as nl (nl equals to
1 because usually the outside of the VA liquid crystal

20 1is air) and the refractive index of the VA liquid
crystal is defined as n2, the relation between 6 and
a is represented by the following equation:
n2 sina= nl sinf (1) (Snell’s law)
Here, the refractive index n2 of the VA liquid

25 crystal cannot be determined as a unique value because



.inclizning the optical axis, the device may be arranged 20 such that the
‘frame or the table for nounting the VA liquid crystal panel thereon can be
inclined by hand. O, the device nay be arranged such that the optical axis
is prelimnarily tilted at a fixed angle. [Exanple] 25 Wth respect to a VA
liquid crystal panel (wth 14 a cell gap of approximately 3.5 ,um which

IS estinat f 8 t ent 8 is gradual y
varied fro qa-iﬁg‘hé %?ﬁﬁ ?ﬁ%gggﬁg| E?dgﬁbggggg%fre?ggggéion R and
wavel ength ~ ohtained 5 result is shown_as raph in Fig. 8.

Ret ar dat i orﬁ?cf-'?’é 19 velaerhg?ﬁeﬁﬁg%g’WQr S akedy %Rgﬁmf A8m t he graph, ahd

cell gaps dO are obtained by the cal culation according to this inventiop.
The result axtshond iimanhadnds seiandiagn og.dilfany iRidexNashiewssednhe cel
gap dO slightly fluctuates according to the incident angle 8 varying frpm

25 to 45 . Wokekeds tgieverl b is al nost constantly in the vicinity of 3{5,u
m Since the tendency of the fluctuation is not constant within the 15
range fsom 25 to Ah-phethg)i/ncident angle, it is poggible to assume tha
effect of the fluctuation can be deni ed by taking an average. The results

set forth anpveqhRdiGHt Eﬁ'ét Pt&eiccael! | p82R %mb@ng%%r agl%yvgeas?rej

irrespective of the 20 val'ue of the incident angle 8 by the nethod

measurin al; n t. resent
 hvent i on. ﬁf@éi&gwﬁaﬁ A Rt FdRh TS i Per ds Fi qu| d
crystal co S|n of extr a fJxed oIar|

co%ponent f 3hp %ﬁﬂﬁﬁﬁutﬂiﬁéﬁé 5??§§¥% %%éd|$5M?Hﬁ t he
pol ari zed conponent to the VA liquid crystal panel such that the light s
i nci dent obl¢8&él Pagh a0 opfi ESPLBERNBLAt Y VA 10 |iquid crystal panel

10 dl cosa=do0 (3)

Fig. 4 is a perspective view of an index ellipsoid
of the VA liquid crystal. The crystal axis of the VA
liquid crystal is set along the z~axis of the coordinate
system. Since the VA liquid crystal behaves as an

15 isotropic medium to a light beam traveling in the
direction of the z-axis, the refractive index is not
dependant on the polarization direction of the light.

Fig. 5 illustrates the index ellipsoid of the VA
liquid crystal being tilted by an angle of 6. The z

20 " _axis denotes the crystal axis of the VA liquid
crystal, and the z-axis denotes the traveling
direction of the light. The z ~ ~axis and the z-axis form

an angle a.

Fig. 6 illustrates a part taken from Fig. 5 in

25 which the part is hatched. A refractive index na«



(3)-nmeasuring transmttance intensity of a specific, polarized conponent of
the light that has passed through the VA liquid crystal panel; (4)

determ ning a birefringent phase diffggence R of 15 the VA liquid crystal
panel based on the transmttance intensity; and (5) obtaining a thickness
of the VA liquid crystal by neans of the birefringent phase difference R
and data qf an,ordina refractive index ng and .an 20 extraqrdi nary
refracti véiSHS ﬂ & &ﬁr&%%&& i GEYP §S?§I9 ;l t REAHLY 1S feasuring a
cell gap of a VA liquid crystal, panel according to claim 1, wherein the 25
bi ref ri ng&MPbhaddedisfin dive A r¥echper Addt e X-a8ifedstiPenyighdnsni tt ance
intensity in a parallel nicol condition and that in a cross nicol condition
separ at el pedn 3is Herekhhdd eof nefsoredgta aelthgapeatt raosdingoriyd cryst al
panel according to claim11l, wherein the thickness of the VA liquid crystal

i s obtai nethliiedgbelaie St £PSobla i(fdd cateml aHengf@lleliargive index n a of
an 10 extraordinary oblique beamw thin the VA liquid crystal based on an
ordinagy r&fy2€ibye i ndex no and an extraordinary refractive index ne of
the VA liquld crystal; (b) calculating a difference D n between the 15
refractive index n_a and t,he refractjve i;ndex nQ .Qf,an ordinary beamwthin
the VA liquid c%t’gln,e (’ocr})mcﬁ' VI g e sﬂinreq(rgi]ngent pﬁg%e di fference R

by the difference D n so as _to obtain an optical path length dl _ within the
VA 11 quid cryst MeanghiDn’ | 1% GRATIFAYVEne TR o ot haPenGERTHI i nto a
cell gap dO taking refractioon of the light at an_interface between air and
the VA |i dihEer3RPALtURS Idtdduid e A1t eiPReCf ot hReds ANty (X0&I1 gap of

a VA liquid 25 crystal panel conpri sing: 17 a light source; (1) a

pol ari zes ¥bghtxeeant iachareinad por a6 Ferrednponestt heohprddmanyt the
light source; ( 2 ) optical axis setting nmeans capable of directing 5 the

| i ght10f theamohadiszeheswsadme g the dbrdimarsy inmiddenhooblf qued WHn an
optical axis of the VA liquid crystal panel; (3) an anal yzer for extracting
a speci ficligakaricasgs €gopponent of the light that has passed 10 through the
VA liquid crystal panel;

Accordingly, adifference Anin refractive index
between the orqinary beam and the extraordinary
oblique beam is given by the following equation

15 An=ABS(na-no) (5)
where ABS is an absolute value, An=0 when a=0, and
An>0 when a>0.
With ne and no of the VA liquid crystal and an
incident anglef given as data, the data processor 19
20 finds an angle a of the extraordinary oblique beam
that passes through the VA liquid crystal by the
equations (1) and (2). Subsequently, it calculates
the refra¢tive index na of the light inside the VA

liquid crystal by the equation (4), and the difference

25 An in refractive index by the equation (5) above.



(4).,a light receiver for neasuring transmttance intensity of the analyzer;
.and ( 5 ) a data processor for déternmining a birefringent phase difference
R of the VA liquid crystal panel 15 basgd on the transmittance intensity so
as to obtain a thickness of the VA liquid crystal by neans of the
birefringent phase difference R and data of an ordinary refractive index no
and an extraordinary refractive index ne of the VA liquid 20 crystal. 5.
The device for rkbEhrthe aicheffPrgaSeoan VA |1efiraceiyst alnganel according
to claim4, wherein the optical axis setting neans conprises an inclining
25 rrechanlhwca}galﬁ@emebhang!mb, ad HRylag dret hernRt betwadnophiecal axis and
the VA liquid crystal panel. 6. The device for neasuring a cell gap of a VA
l'iquid crystédlnpanelbedn ainid nghé cext abora i ndiey ev bl i@ ed bigum ivtiayg

mechani sm changes inclination of the optical axis . 7. The device for

neasuring §8! kngafu en¥AVRI QUi Id Y& b tRanals acees diR@ ity 19 M 5
wher ei n thgalo incli nﬁg mechani sr%dnchangegl incli nsatl on of tﬁe VA ?I qui d

STt A5 RMEkeriigy apg is gixen,to ke ﬁgampi\nfezom P08 RP gy xsnid_
Z
2o o ool ool alos) s el agenlralan) o el en gl ool
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S
(FOXC9CK() 1l o2 kAl LY @l e pliied £8] 62 GEECéhG%]tG.‘L%]r?a(]ﬁi] fedeal.cal ca cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
+ A t * ***+ +

231] zza] c?a] zza]Eca ca]%g cg]é::la c%%%a?ga]%}% caz]"ca]L}cfﬁ] cal ca ]agg] ca glg gg] gg] gg] g
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EiClx?LllZOZ 1{}%8%(4 4444, 5}xsn| d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

| . 5k5n5555. 6f 66
b7 7baabr 55355399 SAGRDIHEED: FRaRATS Atz %%%Laﬁa% eEfraeftasaaR cal ca
|
gaLCEiLii!}sEaf]Xﬁa-B_C_:a g3 ca%a ¥ ]@@” i glsﬁr%h(i%]g ok agsg g% %g’] ca] ca] cal
caj] ca] ca] ca] ca] ca] ca] ca] caj, ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] cal
FAYy AAAB: B= RO e Sadsen eHRR B W V& tapdd%a] ca] cav

] ca] ca] ca] ca] ca] ca] cal ca] C c] ca] ca] ca] ca]ca]ca]ca]ca]c 1]- ca) ca]calc c] ca] ca] ca
]ca] cal)lblagystal in the data processor 19, as well as to fin
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Now, how to obtain the retardation R is discussed.
Fig. 7 is a perspective view of an essential

portionof an optical system in which the incident angle

25 6 is tilted with respect to the y-axis being the center.
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109% & ()- GLO% & () - Lt10°/¢(&'() 109 ()- 1098& ()-10 h6gi K- 7I

roon e () whe Lo TEaH Gk indi drpaddnt 11GREY {4 Snown &E Whe

f.710% & ()-" *MO% & ()-3(10% & ()- &$! 10% & ()-10% & ()- !UdYND "10% 10(
10( 10( L9z 108k&K() -wh T16%¢8e )% FELOM & (15 3RBEOMTE 4 ) d1REANBOK) - SkEYNG
"10% = 10%& ()- 10%& ()- 10%& ()- Flo%&'() 10%&'() 10%& ()- | L ~
dEYNO "l1@¥rpendicular to the y-axis
| 10%<8&’ () - Flg%ﬂ&'()-310%<&'()-yz{0%<&'() 5 160’ (- @Bs'10%<&'() MKABYNC

"10% Y@I0%& thedPlohQdEss 41 1onl P48t 18n of the polaxiz
10%& () - Flo%&'() 910%&" () - vy dEYNG " 109K 2610/&&'() 010%&'()

1098 ) g QMR el $90%E (LIS, 02388l i0he y-axis
within a plane including the y-axis and x” -axis. The
polarization direction of the analyzer 16 is tilted
by 45° clockwise with respect to y-axis within the

plane including y-axis and x” -axis so as to measure

10 a transmittance intensity Tp in a parallel nicol
condition. Then, the analyzer 16 is further tilted by
90° (135° in total) so as to measure a transmittance
intensity Tc in a cross nicol condition.

In the parallel nicol condition, the
15 +transmittance intensity Tp is represented by
Tp=cos?f (7)
In the cross nicol condition, the transmittance
intensity Tc is represented by
Tc=sin?g (8)

20 Here, with a wavelength at the measurement given as

A, O is defined as
B =R/ A (9)
This results in the following equation:

Tc/Tp=tan?f (10)

25 Then, the retardation R is given by
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" 109 Ss10% U&' ()-_ 10G 10G _10G&9! 1098 () - 6nlO%E& () - 4109%6& () -
2310%& () - WAEMD t“%%ﬂ“’ﬁ%m&' ()-f110% U& ()-1 nmid%lug ()- 310%
u&()-Yy210%)u&{%éYLnﬂ0%)u&()-"]*AdEnbO "1094# 10% U&' ()-10% U& () - |
"10% U&' () - f 10% UL 11entadels, (08| PHRASNY ) INYRAEHAD 230%Q0GLO% U& () -
,F. " 10% U& ()-,,10% U& ()-*10% U& ()-'10% U& ()-9%0% U&' ()->yz{| ~xnbd
"109% s10%®lipited to the above-mentioned embodiment. Instead of
the combination of the light source 11 and the
5 monochromator 12 used in the above embodiment, a laser
beam source may be used for the monochromatic light
source.
In addition, although the transmittance
intensity measurement is performed by means of a
10 combination of the light source 11, the monochromator
12, and the light receiver 18 in the above embodiment,
it is possible to eliminate the monochromator 12 and
to dispose a spectroscope before the light receiver
18. The way of spectroscoping when using a spectroscope
15 may be arbitrarily determined, in which, for example,
a color filter, a prism, a grating or the like may be
adopted.
Furthermore, instead of using the motor M for
inclining the optical axis, the device may be arranged
20 such that the frame or the table for mounting the VA
liquid crystal panel thereon can be inclined by hand.
Or, the device may be arranged such that the optical
axis is preliminarily tilted at a fixed angle.

[Example]

25 With respect to a VA liquid crystal panel (with
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9109& ()-#,1172nbd "10% O0109%& ()-& 0109%& ()-& , "10%& ()-3*109%& ()-
| (FLO% ()-!n $!10% & () ' 23457dbA "10% 109%C& ()-sS109%3& ()- 10 10

109109 ()- Y7109%& 5109 () - dLdd " 109F
109G ()(éf {”)0 ARBE9ER &‘%“) eéé’ 503@@%(‘54#&6%&5(?5“@)&%@() d @s
dEbC " 10% * 10%3& ()-1 109%G& (

Y10%3& () rth(ypwmweFﬂO%@(g kncident rapte 6 is
f%?@?ﬁ:l??@&h() Y, 19@&&.() *YlO%E%L();IFglo%G& ()-Y@: 1096%' () -9%l 109k ()
{"grai@y"¢o26 2dGE10GB 20G.98" 46%&kh(¥inding a relation
7TF10%6:& () -510%& () -2109%& () -!sOf 10%& () - F"""'#[###dEVK@D "10%
10910%&' (petwdd f¢tardation R and wavelength A . The obtained
5 result is shown as a graph in Fig. 8.

Retardations R at a wavelength of 589 nm are read
out from the graph, and cell gaps d0 are obtained by
the calculation according to this invention. The
result is shown in the table in Fig. 8.

10 As Fig. 9 shows, the cell gap d0 slightly
fluctuates according to the incident angle 6 varying
from 25° to 45° . However, the value is almost
constantly in the vicinity of 3.54m. Since the
tendency of the fluctuation is not constant within the

15 range from 25° to 45° of the incident angle, it is
possible to assume that effect of the fluctuation can
be denied by taking an average.

The results set forth above indicate that the cell

gap d0 can be accurately measured irrespective of the

20 value of the incident angle 6 by the method of
measuring a cell gap of a VA liquid crystal panel

according to the present invention.
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5 (1) extracting a fixed, polarized component from

light of a light source;

(2) directing the light of the polarized component
to the VA liquid crystal panel such that the light
is incident obliquely on an optical axis of the VA

10 liguid crystal panel;

(3) measuring transmittance intensity of a specific,
polarized component of the light that has passed
through the VA liquid crystal panel;

(4) determining a birefringent phase difference R of

15 the VA liquid crystal panel based on the
transmittance intensity; and

(5) obtaining a thickness of the VA ligquid crystal
by means of the birefringent phase difference R and
data of an ordinary refractive index no and an

20 extraordinary refractive index ne of the VA liquid

crystal.

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

25 Dbirefringent phase difference R is obtained by
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crystal panel according to claim 1, wherein the
thickness of the VA liquid crystal is obtained through
the steps of:
(a) calculating a refractive index na of an
10 extraordinary oblique beam within the VA liquid
crystal based on an ordinary refractive index no and
an extraordinary refractive index ne of the VA
liquid crystal;
(b) calculating a difference An between the

15 refractive index na and the refractive index no of

an ordinary beam within the VA liquid crystal;
(c) dividing the birefringent phase difference R by

the difference An so as to obtain an optical path

length dl within the VA liguid crystal; and
20 (d) converting the optical path length d1 into a cell
gap d0 taking refraction of the light at an interface

between air and the VA liquid crystal into account.

4. A device for measuring a cell gap of a VA liquid

25 crystal panel comprising:
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polarized component of the light that has passed
10 through the VA liquid crystal panel;
(4) a light receiver for measuring transmittance
intensity of the analyzer; and
(5) adataprocessor for determining a birefringent
phase difference R of the VA liquid crystal panel
15 based on the transmittance intensity so as to
obtain a thickness of the VA liquid crystal by means
of the birefringent phase difference R and data
of an ordinary refractive index no and an
extraordinary refractive index ne of the VA liquid

20 crystal.

5. The device for measuring a cell gap of a VA
liquid crystal panel according to claim 4, wherein the

optical axis setting means comprises an inclining

25 mechanism capable of changing an angle between the
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axis.

7. The device for measuring a cell gap of a VA
liquid crystal panel according to claim 5, wherein the
10 inclining mechanism changes inclination of the VA

liquid crystal panel.



