;e3eSR1SCB" 6 T:!<KC 1 Specification as at' 2 May 2003 METHOD AND DEVI CE
" FOR MEASURI NG CELL GAP OF VERTICALLY ALI GNED LI QUI-D CRYSTAL PANEL

BACKGROUND OF THE I NVENTION 5 Field of { he | nvenjgegifcatibhes pt: @ 2doavent i on
relates to a method and a device for measuring the thickness of a
vertically aligned quuid crystal (hereinafter referred to as "VA liquid

crystal") being sealed in_a_pane 10 Description of Related Art _Liquid
crystal di y&ﬂ#%é’r@ sDFi:YﬁrSFl %%Rg’ﬂ%%§uw SELL GRR OF Uﬁ%%?#om Wth
the internmediate | ayer being filled with a liquid crystal . The portion 15

to be fill &bLGNEDt b8 QUIfLi CRYSFALalPANE reviously filled with air until
the liquid crystal is sealed therein. There has been a conventional nethod
of neasuring the thickness (cell gap) of a liquid crystal sealed 20 in a
panel, in which light is directed fromabove the panel without the liquid
crystal seqdadk ¢REURKDY ¢® THRt INGENpEEdQn interference of the light is

measured to obtain a thickness of the air |ayer, which |mw mmmMS t he
t hi cknegs | 5 (Reflection-interfer
SpeC|f|§atﬂ%hé£§ équggihixgggglﬁﬁhever t he thlckness of th@m@pr Iayer and

that of the liquid crystal t.er bein sealed n are not jdentic in a
strict sense . (ﬁhﬁCﬁ%ﬁ??n dePEIHE HEna ﬁéﬂ%ﬁff?ﬁ %lW%Eb Lﬁlng t he

thickness of a 5 liquid crystal after it is sealed in has been awai t ed.
device for measuring the thickness of a vertically

aligned liquid crystal (hereinafter referred to as “VA
liguid 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 fron 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
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25 (Reflection-interference method



Anot her known method is a nethod in which the birefringence property of
uni axial crystals that liquid crystals have is utilized in such a manner

that light is directed through a pol arizes perpeg€§§ﬂé?53¥; 5 MR 5533

surface of a liquid crystal panel with a |iquid erern so
as to neasure an opti cal transnlttance Based on the optlcal transnlttance,

bi r ef t t t I d
a birefringen pﬂ%%ﬁ‘e\ﬁ@f rom V\Ec'k%e e CeItIHee A dat] a| éﬁf?‘%t | qui

crystal |s det er m ned, Icht gap 1s fer to H
L. Ong,

Let.t 1987 1398- 1400
Unexani ned qfat%‘?\gsﬂ’dlﬂeq %t?ﬁxgkﬁ‘é ﬁ-& 9357 fglrnagnos?-ﬁlg%&% LA Pﬂg}ﬁgﬁnte?\g
above- nenthéged met hod is an 20 excel |l ent nmeasuring _nethod utilizing the

birefringe e%FéﬁéﬁtVQﬁaI%Qﬁﬂﬁtc§?§§£:sAqq0¥§165ﬂy/eﬂﬁﬁﬁlQE1P&'I|qU|d
crystals whose crystal axis is in a direction parallel to the panel

surface, ardl hasppld dabt edivekitdyt drea yyrang itted uh hgknles svo R5al i qui d

crystal whose crystal axis is in a direction .., , 3 Specification as at:
2 Mar 2603 begqpéddceylsaral afither pianels sxd hea. idhiss itsebrcamseteas far as
uni axi al crystals are concerned, the "liquid crystal whose crystal axis is

in a direction petperdibeuldiow® hlenpanals Sé”ﬁléﬁﬁod' s aokh dehf ergnt 5 from
an isotropic liquid crystal when viewed fromthe Iight traveling direction.

Al though g L@l 364 e bn %rﬁr@a%eoﬁem%mflwggt e gy be enpl oyed

for the isotropic liquid ue to proximty ere actlve 10

i ndex of I gy ﬂlccf%srwv%gfﬁtm%eoi 9} 2851 .9 ¥ R TRLERE NI GNt TS
g

expected to Snerate

light is directed through a polarizer perpendicularly

10 to the surface of a liquid crystal panel with a liquid
crystal sealed therein so as to measure an optical
transmittance. Based on the optical transmittance, a
birefringent phase shift (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 crystais, it is only
effective for liquid crystals whose crystal axis is
in a direction parallel to the panel surface, and
inapplicable to liquid crystals including the VA

25 liquid crystal whose crystal axis is in a direction



. causes a great margin of error in the neasured filmthickness. It is
therefore an object of the present 15 invention to provide a nethod and
device for accurately neasuring the thBckness (cgldcif@atbn asQt: 22amMp2bax Ui d
crystal having a birefringence property whose optical axis Is in a
direction perpendicular to the surface of the liquid crystal panel 20

SUMRY OFpZiperMENTY Y Fhe i o of SRazdcdld el ?Bc fugfe VA 11 qui d

crystal ac ing to t I nventi-on conpr|ses the's extract|ng a
fixed pol arizgd_conponent .frrom 25 .11 of ali ," i,recting the
i ght of (RE FAERE FReaia] BETRE SRS SoRbREnERar Ared LSRNt 1o
the liquid crystal panel such that the I| i's |nC|dent obllquely on an

opti cal axF§&ﬂt%%eWWﬁ5FuﬁﬁKF%?%s@éﬂspéﬁﬂlnnéaé&ﬁ@ﬁf%?&nsmttance
intensity of a specific, polarized 5 conponent of the |ight that has passed
t hrough t hpewpdndiucdlarystalthmmmineliessrfiadery hsreobr ditfifereéndf the VA
liquid crystal based on the transmttance, intensity; and obtaining a

t hi ckneSs dfrdmhenvAdotubgier Ydqali by mpsns 1okhehe viiehssdlat fom €hand dat a
of an 10 ordinary refractive index no and an extraordinary refractive index

ne of the YAdJH#utdabeMsi) -dfbecthbght of the light source” nentioned
above may be a nonochromatic light or a polychromatic light (e.g. white

S e o R RSP o tp i MBI
cetement . QAR IAPS mbf bR SfPfofba® 2% YEGDE OFBL G d £
liquid crystal, due to proximity of the refractive
10 index of liquid crystal to that of glass, only weak
interfering light is expected to generate, which
causes a great margin of error in the measured film
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



t he measurement of the transmttance intensity is carried out by the |ight
_receiving elenent via a 20 spectroscope. In this nethod, by directing the

| ight such that the light is incident obliquely ) -E L GR j f the
liquid crystal panel, birefringence causkd only byeEI gngpghgdh€$§§§%§'layer
is artificially generated. 25 Accordingly, the thickness of the VAliquid

crystal Specification as at: 2 May 2r 003 can be accurately neasured. The

devi ce for J@RAgWHI N & &RbbNEM Ao arNA |lii%ﬂfh%¥$5%|ala%}[§i ngut@ this
invention conprises : a light source; a polarizer Tor extracting a fixed,

pol ari zed Seounenent s (LT Lhe, i gty Tl e LEgYt o ROME o pRLACAL 12T

setting neans capa ditecting t e polarrzer to the VA

liquid crystal pan such that the light is_incident obliquely on an

opt cal - miSE ot AendlA/alF AHIRd rYSt AN RaRe 1 RCAIYERY Tor xtracting 10
a specific, polarized conponent of the |ight that has passed through the VA
liquid crystEaprnSaHct tancpe gt ansetverof o2 AP&SUHIy tPaASHtdGCe
intensity of the analyzer; and data processor for obtaining a retardation R
of the VA Itquppreystaf paael ighded lont 1Bashpassastittengb theeWdity so
as to obtain a thickness of the VA liquid crystal by neans of the

retardati onl Rgaridi datt pis bh lap aoredl nad ¥ tieafmact hyeai pedarabhdna® of
extraordinary refractive index ne of the VA liquid crystal. 20 This device

i ncl udes opthealvmxi sqaett idigy seans weapad! enofndl recihBaitdiahéght to the
VA liquid crystal panel such that the light is incident obliquely on the
optical axi $nefeddBryYA hhAULEtEMSiAY RARBic AL £E16PA0%the VA Lliquid
crystal by means of the retardation R and data of an
10 ordinary refractive index no and an extraordinary
refractive index ne of the VA liquid crystal.
The “light of the light source” mentioned above
may be a monochromatic light or a polychromatic light
(e.g. white light). In the case of a monochromatic light,
15 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
carried out by the light receiving element via a
20 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

by the liquid crystal layer is artificially generated.

25 Accordingly, the thickness of the VA liquid crystal



the light so as to be incident obliquely on the opti cal 6 Specification
as at: 2 Mad 2~ 003 axis of the VA liquid crystal allows birefringence that
" results only fromthe liquid crystal |ayer to be

Jef.Cl y ed.
Accordingly, the thickness of the VA |ixquid crysS &héa‘nS a2 ezroagur ed 5

accurately. BRI EF DESCRI PTION OF THE DRAWNGS Fig 1 is a bl ock diagram
schematically showing a cell gap neasurenent device. 10 Fig. 2 is a block
di agr am schenebiecal d yushowilng nidesaekld .gap neasurenent device in which the
frame is inclined. Fig. 3 is an illustration for explaining the relation

between an angl erge e i g £bRChEGRIL O & VRIS bhgubd £rushalgangd an angle
a of the light passing through the VA liquid crystal. Fig. 4 shows an index

el lipsoid V, i quj ryst Fi i x eljli id when

the [ignt 96YPEahanqEbh e tscth (sl Brap M Rol 08T o' 7 1%

perspective view of an essential portion of  an opgg(ggld si/)stemj n ich the
e

P .
i nci dent angl& a8 i & M9t ebGeth Irds s&raotiRg §- Rd 3298 center.
7 Specification as at: 2 Mar 2003 Fig. 8 is a graph showing a relation

bet weerP r eE@PPR DAL REGRA Fddeelditdih qRriheobiahkhedown@e t P i hea lent angl e
8 on a VA liquid crystal is gradually varied from25 to 45 .

axis setting means capable of directing the light of
the polarizer to the VA liquid crystal panel such that
the light is incident obliquely on an optical axis of
the VA liquid crystal panel; an analyzer for extracting
10 a specific, polarized 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
retardation R of the VA liquid crystal panel based on
15 the transmittance intensity so as to obtain a thickness
of the VA liquid crystal by means of the retardation

R and data of an ordinary refractive index no and an

extraordinary refractive index ne of the VA liquid

crystal.

20 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

the light so as to be incident obliquely on the optical



5 Fig. 9is atable showing a result of calculation for obtaining cell gap
"'d0 based on retardation R at- a wavel ength of 589 nm DESCRI PTI ON OF THE

PREFERRED EMBODI MENTS 10 Fig 1 is a blgpck di agra@e%gilggmtgsgglzlmahs_m ng , a
cell gap neasurenent device. The nmeasurenment device conprises a |ight

source 11 such as a hal ogen | anp, a nonochromator 12 for obtaining a
nmonochromati,c light, an.incident light 15 fiber 13 for guiding the |ight
ot od { Porha RECHBROER Lok b Gy s Bab d L pyech K SEa i ndknaE Thata | | near
polarized light fromthe light of the incident light fiber 13, a sanple VA
liquid cryssdilpsinenlys fromahheyddquisd f erystarlackayngratio dear pol ari zed
light 20 fromthe |ight that has passed through the VA liquid crystal panel

15, an emaxdiinficighlyf igenetdtidr. glocdiowdinglli,githé hahik&kngmssed
t hrough the analyzer 16, a light receiver 18 and a data processor 19. The

nci dent lgghendi 8 1idu 100 YRR DDA hEN! o33 T egodLaridip pol arizes 14

and the anal yzer 16 are fi xed ~e ifi~s at: 2 May 2003 in a frane. The

i nci degt qﬂgg the light incident on the VA liquid crystal panel 15
can begchangé§r§§gﬁgfating the frame, for exanple, by a notor M Data of
the rotation angle of the notor Mare to be inputted 5 in the data
processor 19. Meanwhile, in order to change the incident angle 8 of the

light incident on the VA liquid crystal panel 15, a mechanismin which the
frame i s fBRERFWABSCRIRBEPH f P%%n?ﬁ NS VA liquid crystal panel

thereon 10 is inclinable may also be adopted. Fig. 2 is a block diagram
schematical ly siigny is a block diagram schematically showing

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 € 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 anoptical system in which the incident angle

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

25 center.



- the cell gap neasurenent device in which the franme is inclined by an angle
of B. Inthis condition, the angle of the light incident on the VA liquid

crystal panel 15 15 is 8 as shown in Fg. 3, and E -él :% :J' t
passi ng through the VA liquid crystal panel 15 ig(gﬁ'ugéﬁgﬂﬁe ?gcng%. When
the refractive index outside the VA liquid crystal is defined as nl1 (nl
equals to 1 bec e vally t utsi de.of the VA ]iqui rystal 20 is air)
and the refract ?3§| #ﬁeﬁ o¥ 9E§@A§?gﬂﬁggcﬂ/sﬁ%fa+§ 8e?°.%ﬁ%‘§egg n2, the
relation between B and a is represented by the follow ng equation: 112 sina
= ni sinOR?@a{@@ERDﬂsRz@@dkﬁﬁ§ﬁhﬁﬂg¢bfXwﬁbw@inﬁdethMOthﬁhe VA |iquid
25 crystal cannot be determ ned as a uni que val ue because 9 Specification

as .ata ~ ivkdi@eA8 ahdgledbiorefd ivgebdqudfd theysfalli dsi dragaaaly
Accordi ngly, an average value taken from an extraordi nary i ndex ne and an

ordi nary iyylexeRO fhromiSest i ghei s given by 5 n2= (ne+no) /2 (2) In
addition, the optical path length inside the VA liquid crystal is dl as

h En Fig. 3.p; lsat,i t : ' :he VA i quid
crystal (celi gaiead i reeRers BRER e et L EERRgagivh )1 13
ti [ f, ' | 1] hd,of t VA i qui tal._ ,Jh
ryaral adet ot (i EEEa" 4R 8P PRasd o ohs Rt K Rorat ne
coordi nate_syste Since gh A liquid crystal behaves as an 15 isotropic
%Pé’ﬁ&e&% tPEy ok

medi umto & nd™h the direction of the z-axis, the
refractive index is not

DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 Fig 1 is a block diagram schematically showing

a cell gap measurement 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



—~\Idependant on the polarization direction of the light. Fig. Sillustrates
the index ellipsoid of the VA liquid crystal being tilted by an angle of 8.

The 20 z-axis denotes the crystal axisgof the VA%%éﬁ}tiaﬁor%sYa?:tﬁMauQO@the z'
-axis denotes the traveling direction of the |ight. e z -axis and the

z-axis forman angle a. Fig. 6 illustrates a part taken fromFig. 5 in
which the part is hatched.. A refractive ingdex n.a . .10 Sagecification as at'
2 Mar ZOOSP?r?sitifé"“E%e%E}AelJrﬁﬁ?' e %yétnﬁ(ieof 28 the et vhRSid2R i tude i s

in the directiﬁn of the x;axis (. th Iighb{beﬁmis hereinafter referred to
as the "exdPabR&i WA LB ué’rli'é;a‘?ﬁf Pangd: di het@hr 5% (HARGPAoKNg 5

equation: na=[ ne2no~/ (ne2cos2a+noZSinZa ) 1/2 (4) Meanwhile, the refractive
i ndex of aretghingedihenbsangnpl ferdexpaple i Heydar dstiaom Mi Dada/- axi s
(the light beamis hereinafter referred to as the "ordinary 10 beanm’ ) is

the sane asfttkearctatipn adepd eofothehmo¥dd Miare toybkainphdaadi ngly, a
difference Dn in refractive index between the ordinary beam and the

extraorsdi napy t®ldl iduiea bgRBles SHvengby the fol lowing equation . 15
~n=ABS(na-no) (5) where ABS is an absol ute value, D n=0 when a =0, and ~n>0

2 " ML AL B 445 T gt
cquations. o) 0Bt ) LaREpLBASEANG Of EhEa Bt hIBL AEYSHA haANAL| ndex n o
of the ligqt5 ,i naSinggc Q%i\é'?\n in which the frame is fixed while a
table for mounting the VA liquid crystal panel thereon
10 is inclinable may also be adopted.

Fig. 2 is a block diagram schematically showing

the cell gap measurement device in which the frame is

inclined by an angleof 8. Inthis condition, the angle

of the light incident on the VA liquid crystal panel

15 15 is O 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 egquals to
1 because usually the outside of the VA liquid crystal
20 is air) and the refractive index of the VA liquid
crystal is defined as n2, the relation between 8 and
& 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



liquid crystal by the equation ( 4 ) , and the difference 25 Dn in
refractive index by the equation (5) above. 11 Saecification as at: 2

Mad 2i 003 Wth the difference Dninr ractive'g @ﬁ ig@g 8
obtai ned, a retardati on R between the oreédi nary beS é%%f? Sk 2393 ary
obl i que beam that pass through the VA liquid crystal is experinmentally 5

determ ned and i.s ggverécéqo. t he data processor 19. The data processor 19
the "Batiedd i ndeRCre Rt e VAsildaiuid enysitddid crystal

t hen cal cul 8ttes
panel based on the follow ng equation: d1=R/ D n (6) 10 Subsequently, the
dat a procesdsrcandépmert sanh@vptagal vadtue | Eaem diremsale the VA liquid
crystal into a cell gap dO by neans of the equation ( 3 ) above. Thus, the
cell gap of eter¥dridiquadycinysdeal neamdearobtraiinegir y ilmdé x hes i beesed,
understood fromthe aforenentioned explanation that the user of the cell

gap measur enpii cHevisceyneeds gy i nput the data ne and no of the VA liquid
crystal in the data processor 19, as well as to find the retardation R

bet ween the ordi nary_ he 20 extraordi nary obli,que beamt hat pass
t hr ough ?jhe VA Ii%‘?d?g%p{?&af/ahen t he incident angl e(gi(ﬂs tilted. Now, how

to obtain the retardation R.is di scussed. {__:'g. 7 1S a,perspective_ yiew of
an essenti al 1BoRf; b?nan%i%aglﬁé?ﬁ iﬁ W R h& DG drte a}qél e 25 8
is tilted with respect to the y-axis being the center. 12 Specification
as at: 2 lvavlmuuﬁ cphgs Hpdedts ol ¢FS theoVAci@leMig i ght Thesheohatdeon he z"
-axis, while the x" -axis is set in a direction e -
between dl1 and the thickness of the VA liquid crystal
(cell gap) dO is represented by:
10 dl cosa=d0 (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 0. The

20 z-aXis denotes the crystal axis of the VAliguidcrystal,

and the z’-axis denotes the traveling direction of the

light. The z'-axis and the z-axis form an angle «.

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

which the part is hatched. A refractive index nu



.perpendicular to the y-axis and z" -axis. The polarization direction of the
polarizer 19 5 is tilted by 45 clockwise with respect to the y-axis within

a plane including the y-axis and x" -ags . The cRichiféH 4s@p 2duaegdoon of
the analyzer 16 is tilted by 45 clockwi se with respect to y-axis within the

pl ane including y-axis and x" -axis so as to neasure 10 a transm ttance
intensity Jp. iy a eh :nj.co Ltihon.. The e Y 6 1s
further tit S&Iat()ay ‘@gé ?{155[111@1}&04 a‘??ygg%%s r&tfo EPreg"ngHe% aP%né%Efqgeance
intensity Tc iin.,a ¢ross.,nicol cqondition. Ipn the parallel nicql, condition,
the 15 11 aABRILHAE 3 ddnENe, 013 Gt 10b 8 e X TH-c 59 ¢495 I n the
cross nicol condition, the transmttance intensity Tc is represented by
Tc=si n2 ~3besm 168 hexeinpihes wraferamd Hama fhedexteaeadigiaen as . ( (3

is defined as ~i=~R/~. (9) This results in the follow ng equation:

Tc/ Tp=t an20b3 i(dify Beam’ )t hies rebbadakidort Fom sthevemd Myowihg Specification
as at: 2 Mar 2003 R=~Ltan-1(Tc/Tp) (11 ) Incidentally, the present

invention eguididhited to the above-nentioned enbodi ment. Instead of the
conbi nati on 'of the light source 11 and the 5 nonochromator 12 used in the

?ngte enbodi mntn&\:I[%séekob??rgesggrsQ% g%%zggnu%!eg]igr the( f}nnochromat I C

Meanwhile, the refractive index of a light beam
whose amplitude is in the direction of the y-axis (the
light beam is hereinafter referred to as the “ordinary

10 beam”) is the same as the ordinary index no of the VA
liquid crystal.

Accordingly, adifference Anin refractive index
between the or§inary 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 angle8 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 refrad¢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.



source. In addition, although the transmttance intensity nmeasurenment is
perforned by neans of a 10 conbination of the |ight source 11, the

monochromator 12, and the light receivef 18 in the. aRovsh fHEeoduaREdbe3 it is
possible to elimnate the nonochromator 12 and t0 di Spose a spectroscope
before the light receiver 18 . The way of spectroscopi ng when using a
spectroscope 15 may.be arbitrarily determ pned, in which, for exanple, a
color filter, a PA tQPg?&ﬁﬁﬁ&%ﬂ°?h§‘?ik% fif 03¢ bt éBdeXur t her nor e,
instead of using the motor Mfor inclining the optical axis, the device may
be arrangeffaingcheemaiohteinedneaoratrrrdabion & hetweesg the VA |iquid
crystal panel thereon can be inclined by hand . O, the device may be
arranged swadimaryt heagptincalt haxextiragrdinainyacdliquéetkeant thatti xed
angle. [Exanple] 25 Wth respect to a VA liquid crystal panel (wth 14

Speci fi cat ipas fist AtougMVishe@ vO0Bigued krgap: o1 ﬁ@péﬁpidfaitr@éb{tglig, um
which is estimated fromits spacer dianmeter), the incident angle i's

gradual by ‘é?é\ihéf(jmfi%% and Ay iven 00 flelaatA AL DELBREN ol Chgfflat i on K

and wavel engt er tained 5 result is shown as a graph in Fig. 8.
Ret ardati ons_ R at _a wavel ength_ of 58 m.are read out fromthe graph, and
cel | gaps(ﬁ?%ﬁePE&éggﬁﬂrbgbtﬁ§e Ié%ngiggﬁﬁxﬁﬁdpﬁﬁHﬁéirﬁgtﬁnvention
The result js sh inthe tabhle in Fig. .8 ,10 As_Fig. 9 shows, the cel
gap dO sli g‘rﬁ??t?‘m&t d&Sd e e dqlhgf%gut’-ﬁ‘ecirﬁﬁ%%tp‘gﬁﬁllebSS\%é Wthg from
25 to 45 . However, the value is alnost constantly in the vicinity of 3.5 u
m Since tHeheef@dAd QW BRIt RAVAY QAL i on is not constant within the 15
range from25 to 45 of the incident angle, it is possible to assune that

effect of the fluttsRVifon can be denied by taking ar{éyverage. The results
set forth above indicate that the cel

10 sSubsequently, the data processor 19 converts the
optical path length dl inside the VA liquid crystal
into a cell gap 40 by means of the equation (3) above.
Thus, the cell gap of the VA liquid crystal can be
obtained.

15 It has been understood from the aforementioned
explanation that the user of the cell gap measurement
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 extraordinary oblique beam that pass through the VA
liquid crystal when the incident angle Ois tilted.
Now, how to obtain the retardation R is discussed.

Fig. 7 is a perspective view of an essential

portion of an optical system in which the incident angle

25 0 is tilted with respect to the y-axis being the center.



gap dO can be accurately neasured irrespective of the 20 value of the

i ncident angle B by the nmethod of neasuring a cell .gap of a VA liquid
crystal panel according to the present jnvention. i.fi cati at: 2
May 2r 003 - 15 CLAIMS 1. A nethod for %gasuring Feeiies "*%ggz'a I 3ess)
of a vertically aligned (VA) liquid crystal sealed in a panel, the liquid
crystal having a birefringence property whose optical axis is in a

‘ direction[ﬁ#%eﬁ&ﬁﬂﬂ%}OPOQQmigﬁrFﬁ@éQﬂn¥hélgaﬁnkﬁc$?§ﬁm grankehe
conprising the steps of . (1) extracting a fixed, polarized conponent from
light of a Lrgh I 8 i e ng Jtshe 1§ ghto@f it PQt k%84, Fonponent
to the VA Ilkqui x??é;'starlslu@chgt%a? thglx]tji ght :?s ie‘r%cil e‘refjt1 o%l I quely on an
optical axis of the.VA.liquid crystal panel; ¢3)sneasurjing transmttance
intensity oPe§p§BE§fFP&f“bo#8r%§éﬂ %oﬂ%&ﬁeﬁy“gf%theaﬁﬁﬁﬁt that has passed
through the VA liquid crystal papel; .(4) determning a retardation R of the
vAliquid(Hystal%&%uﬂo%a§é&4§ﬁ?ﬂed&%ﬁﬁﬁ+PPadﬁa&h?eﬂg'ﬁﬁleﬁﬁ t8)

obtai ning a thickness of the VA liquid crystal by nmeans of the retardation
R and daga dfs an otdinbiyy 4r%ef dot¢ckeiisedex iy nedpac texia ddvalivraayis
refractive index ne of the VA liquid crystal. Sbecification as at: 2 Mar
2003 - 16 ZitMennetpedmd iwasuding tiee cpthxdap aafd ak VA d4 D¢l dTReYSt al
sealed in a panel according to claim1l, wherein the retardation Ris
obt ai ned by gEBsSHi ZAG {dRNATdd @PEEni RifeNShéY anfa 18y Parahleeli el teandi tion
and that in a cross nicol condition separately. 3. The nethod of neasuring
the cell ga f e VAy LI gui ryst i anel. i ng claim1l
wherein t heq%ﬁi %Eneé%Bgﬁ%ﬂzgvﬁtﬁ{qu}sggég%ﬂt an‘fgi 2 %Eétlaléﬁgg‘ggkﬁo&g% t he
steps of . ( cal cul af i refr ive j X_Nhg.of _an ext L par

obl i que bearﬁaiv\??ﬁi ﬁﬁﬁeﬁ@g\‘% c?ﬁi %Q]g%ygt a ase‘%’%]dg 5’% c?r%it{rlog%géggrr)aécti ve

i ndex no .and_ a t 1 aoy di t.i.ve +nd e A ldquid crystal;
(b) caIcdﬁa??ngr§§§#$¥%gé%%gyc£§géﬁ%géﬂft%§ ?éf%éé?%ﬁéﬂﬁﬁ efhﬁgy%nd t he
refractive index .no of ordinary beamw thin. the VA ljquid.crysial: (c)

G vi ding- t neCPBRR ont RO (GRS e by e L o Ser thasuEATreth B | o
path length dl within the VA liquid crystals and Specification as at: 2
Mar 2003 - 190 (&} 3éondar thpfatdhe sohtdakopMepsengt @ dirams®iftedqe gap do
taking refraction of the light at an interface between air and the VA
liquid crystantiensl bgcdgntinga Ar@sa ceiced marditagnhe cell gap of a VA
liquid crystal sealed in a panel conprising . a |light source; (1) a

pol ari zes for extr&otithe aphinedd ¢bl nicpdd compodtémn,f romel i ght of the

i ght source; (2) optical axis setting neans capable of directing the |ight
of the polsritzesm Smehthhaie t batlendiit v STphndisdenép oblsieqitedy @ an opti cal
axis of the VA liquid crystal panel;

Tp=cos?p : (7)
In the cross nicol condition, the transmittance
intensity Tc is represented by
Tc=sin?fB (8)
o9 Here, with a wavelength at the measurement given as
A, B is defined as
B=nR/A (9)
This results in the following equation:
Tc/Tp=tan?f (10)

Then, the retardation R is given by



- (3) 'an anal yzer for extracting a specific, polarized conmponent of the |ight
‘that has passed through the VA liquid crystal panel; (4) a light receiver
for neasuring transmttance intensity X the anaﬁ&ﬁkatl&m at: 298¢ hHodxrati on
as at: 2 May 2r 003 - 18 (5) a data processor for determning a
retardation R of the VA |IC]UI d crystal panel based on the transmttance
intensity so as %Dlapé i ,Jﬂ;bigkness of the VA I|3 crystal by nmeans of
the retardation and ordi nary refractl € ‘i'nhdex no and an
extraordinary r chi Vv ex of __the V, stal ; The devi ce
for nmeasuring tﬁ%ﬁg PF"} nfx Q@ﬁ |pr(ﬁﬁ%|n§ frgtﬁ q-sle% ett®i Rot panel
according to clai m 4, wherein the optical axis setting nmeans conprises an

i nclining MeBAGRSHT IR RPVFe ThaRGLRah eftRPeiBenteed neeedBtPEal axis
and the VA liquid crystal panel. 6. The device for measuring the cell gap
of a VA |i §hied crmlybialatp@meIOEe'ahedlmm azeoerdend it and akime5, wherein the
i nclining mechani sm changes inclination of the optical axis. 7. The device
for measur mehddier 6Rbk ogap 20tisadVinl t Hei dbekeskabosEizh@dti naal paael .
according to claim5, wherein the inclining mechani sm changes inclination
E}‘ tA QeA\L/Q b‘i"&%ﬁ* is@w%halma%am@é uséfil&é‘ijvﬁf’theA}ftﬁ%/éﬁéoméﬂldAgilé‘ﬁtA@
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Ul| wr rrhc’\Y]] calca]calc L ];ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal 2+ a3rd] thpchightcapegivar Hey(ior the abavgndediognda] c al cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”™a] ca]
cajca]cal! &it i8 gossibl«! € Stlimli'hAt'd "the monochromator 12 and

#_ #wi##$} xsnhc”Y] ] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cepcdlicasd ca] epecalmad cap eabed HiNG| PREVAUIRARY &8k’ ' E' 2" '
(%" (/(I(n(((((}xsnhc] X] ca] c”a] ca] c™a] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]calc
a] ca] ca] ca] tal omhéa]a?yfl]d:ﬁ]s@@]aai@sﬂ:@phmj whkeahsand &) &P Erdroscope
FREQERFF QA ++++1, 0, -& V. {vql gb] X] ca] ca] ca] ca] ca] ca] ca] c*al] ca] ca
] ca] cajion] ca]agab@akmlo@dac@ipg] gatezhGal &) cad Gal cahGaked] ey pe}ca' Voo
[@p//!1/11100%0° 0000 1h1111119%2[ 222203H3{ vql gb] X] ca] ca] cal] ca] ca] cal ca] ca] c”

all cal cal cahcabaal,cal pategl gl pehedl,cdl clselngl 631 ealeAlad GRhabeal cal cal

T7INT_T7F777 é&{ vgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] chal
ca] ca] ca] ca%ﬁq% %ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 88888999+9, 999KI9MB"9h

9j 9y9{ 99999999999

cofte g calca iif%%fé‘gi‘g“aﬁg?'cgf%ﬁ ke th ik 9, gffif e
=== v

o S e i e

ca] ca] c&PJca]Edhﬂlc"’a]‘éa] @a‘]ecaﬁlbad}%a‘]’ﬁa]:gg] &%WQ cg]’ka]“c’a‘]‘{%}% QFc Pea] ca! HH

HHI 1 >J@JJ| KKK%3Li LLLMRNUN{ NNNOOOOOPQSR{ vl gb| wgl gb] ><J[] cal ca] cal calca]ca]c

a] ca] ca] ca] da:]@ua]ica]:y@]t@al] el ) enpoa) carc Fecigicklisafchychpaa] ca) cal ca

] ca] ca#zwf D' Y
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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109 () - YQﬁth(@bxﬁ)t}Yéog/@p@ fall d 04 (a P04 {2 e 782 i@ da My
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 8 varying
from 25° to 45° . However, the value is almost
constantly in the vicinity of 3.54um. 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 & by the method of

measuring a cell gap of a VA liquid crystal panel

according to the present invention.
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panel, comprising the steps of :
(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 such that the light is
incident obliquely on an optical axis of the VA
liquid 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 retardation R of the VA 1liquid
crystal panel based on the transmittance intensity;
and
(5) obtaining a thickness of the VA liquid crystal
by means of the retardation R and data of an
ordinary refractive index no and an extraordinary

refractive index ne of the VA liquid crystal.
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The method of measuring the cell gap of a VA liquid
al sealed in a panel according to claim 1, wherein
thickness of the VA 1liquid crystal is obtained
gh the steps of :

(a) calculating a refractive index na of an
extraordinary oblique beam within the VA 1liquid
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
refractive index na and the refractive index no of
an ordinary beam within the VA liquid crystal;

(c) dividing the retardation R by the difference
An so as to obtain an optical path length dl within

the VA liquid crystal; and
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crystal sealed in a panel comprising :
a light source;
(1) a polarizer for extracting a fixed polarized
component from light of the light source;
(2) optical axis setting means capable of
directing the light of the polarizer such that the
light is incident obliquely on an optical axis of
the VA liquid crystal panel;
(3) an analyzer for extracting a specific,
polarized component of the 1light that has passed
through the VA liquid crystal panel;
(4) a light receiver for measuring transmittance

intensity of the analyzer; and
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of the VA liquid crystal;

5. The device for measuring the cell gap of a VA
liquid crystal sealed in a panel according to claim 4,
wherein the optical axis setting means comprises an
inclining mechanism capable of changing an angle
between the optical axis and the VA 1liquid crystal

panel.

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

the optical axis.

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

the VA liquid crystal panel.



