-;€3eROBL6T<H@ . 1 Specification as at: 2 May 2003 i METHOD AND DEVI CE FOR ,

MEASURI NG CELL VERTICALLY | ALI GNED LI QUI D CRYSTAL PANEL BACKGROUND
OF THE | \ el d of the Invention The presehcaiidlvanki Oay eb@d es to
a met hod ce for measuring the thickness of a vertically aligned

| i qui d cryst akedidéerei nafter referred to as "VA liquid crystal™) being
sealed in a panel. 10 Description of Related Art Liquid crystal display

panel s cogp S kgt b i rmedi at e
aver bl T P O e A e t

the i qui | Vi fi with air until the liquid crystal
i's sealedﬂgﬁgi |§.L?E4ﬁgfeéﬁg§&é eﬁhgﬁggnventional nmet hod of neasuring the
t hi ckness (cell gap) of a liquid crystal sealed 20 in a panel, in which
light is directed from above the panel without the liquid crystal seal ed
therein so that reflection interference of the light is neasured to obtain
a thi ckneSAGEGRAENY OR JJBE, IMVIEMHT TGNy egar ded as the thickness of the
liquid crystal 25 (Reflection-interference method). 2 Specification as

at: 2 9hy F204Bd Hoflexdre Ifeenhiickness of the air |ayer and that of the
liquid crystal after being sealed in are not identical in a strict sense.

Accordingly, dewgleopr@séntd Rt ion denealdy t@asunettodhandiLkness of
a 51liquid crystal after it is sealed in has been awaited. , Another known

met hod | S o §Bé B0G o 14 6 Brlifhy DUk ET EheRHe: OTopCR! W it bahathal crystals
that liquid crystals have is utilized in such a manner that light is

direct ed oy oyalaty BALAId B0y RS POOHLEULAG B P et dPPeRUEbARE Afad |1 aui d

crystal panel"wth a

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).
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'crystal sealed therein so as tqQ neasure an optical transmttance. Based on
the optical transmittance, "a birefringent phase difference (which is called
“retardation”) of the liquid crystal is deterningﬂedﬁéﬁgﬁgg&pgﬁ%ﬁ;hbg cel
gap is obtained. (Refer to H L. Ong, 2Appl. Phys. Lett.~ :

Novenber 1987, ppl398-1400, , Japanese Unexam ned Patent Publication ;

Nos. H4-307312 and H2-118406.) Al though the above-nentioned nethod is an 20
excel | ent rrea_swdmma? heHeUthliicai ids & hef bineféiagﬁag%rpraemerttmwf l'iquid
crystals, it is only effective for liquid crystals ose crystal axis is in

a directigpn Fgga'l'iﬂ%%&vggggﬁ‘gt?g'ﬂ%fxa%eeirﬁg\ﬁs'leﬁﬁ%‘& | EADLG ol Gd¢ qui d

crystals 1nc i ng crysta ose crystal axis 1s in a
di rection, pecifi.cation as at: 2 Mar 2003 3.; erpendi.cular to the
panel surtgREIFAL 1K Hetehlat Feaeq nhasonnind LY (foseded i
concerned, the "liquid crystal_ whose crystal axis is in a direction

per pendi cdl BEthed Herhaddr esrkncBeasy g dhkheetddicnessndn d sot ropi ¢
liquid crystal when viewed fromthe light traveling direction. Although the
refl ebti ohifintidr faystoel refhed ibnisonedladoie hay beesmpwaictedor t he
isotropic liquid crystal, due to proximty of the refractive 10 index of
liquid crystal Amothatr Mngiassettdd ivwak metdrddringwhigi tlseexpected to
generate, which causes a great margin of error in the neasured film

t hi cknesspirelftr isgéheeepdichapt pbpeCturfak Ng1pcasantalsd meantion to
provi de a nethod and device for accurately neasuring the thickness (cel

gap ) of @i¥fild @wyk€sYstRAvRaYENG L3 1kI7&d ' NG/NCR PRPeALY ¥haee opti cal
axis is in a direction perpendicular to the surface of the liquid crystal

Pane! TG G U LNERTL M, Frp T PR sl S2P of 2

10 to the surface of a 1liquid crystal panel with a liquid
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 liquid crystals including the VA

25 liquid crystal whose crystal axis is in a direction



rsteps of : extracting a fixed polarized component from25 light of a |ight
source; directing the |ight of the | Specification as at: 2 Mali 2003 |
pol ari zed conponent to the liquid crystal panel sy&h¥idasiod &adt: 4 RRyhoeht is
i ncident obliquely on an optical axis »f the VA [iTquid crystal panel
measuring transmttance intensity of a specific, polarized 5 conponent of
the light that has passed through the VA liquid crystal panel; determ ning

a bi refri pasiie Rhase 1t ¥ an6e Fafbil Btndhdbguadlial vl %e@é‘§§€ on the

transmtt intensity; and ning a thi ckness of the VA [iquid crystal

by means qf I ff n ta ordlnary
refractlvg |%§§kg Sgﬁﬁﬂgﬂggiﬁgg%gaﬁgag§ rg rac%ﬂgggfﬁ:eg H%géPﬁ%h

liquid crystal. The "light of tHg | i ght ,soyrce" nti oned above nmay be a
nnnochrom%42§W?th“ﬂs%i%5Y§Eﬁ ot} LPgH® B FEEGCEMIM e 1ight) . In the
case of a nonochromatic light, the neasurenent of the transmttance

i nt ensi t y pefperddgnylia mtthereéme}- wnafacght iseaatyidyl Epsedh . On the
ot her hand, in the case of a polychromatic |light, the neasurenent of the
transnbt t aiwem i am ehsotyoips QA iopu i d edr gstt ady when | v gévededeiom redhee| enent
via a spectroscope. In this method, by directing the |ight such that the

| i ght |s|1E@ﬂentﬁyﬂégm@bydgaédﬁh@@t|cal axis of the liquid crystm
panel, birefringence caused only 25 by the liquid crystal layer is

artificially genenaltbugh<thed x%’@féét%@d-&%@ér%ra%d@'ﬁme@ﬁ%% E

Accordi ngly, the thlckness of the VA I|qU|d crystal can be accurately

measur ed. JOgy deViete 196y BERIY KW émﬁ‘i é;el%p%&f: %g Sol'uércggkgg iccrystal

according to this 1 nvention conprises pol ari zer for

extracti ng, qL&?te;%ng‘P ,‘l:glil z%qle ongg% fn(l tgg Itgx%lh g%{rgpg \}eght sour ce;

optical axIs®sé means capable iTecting th Ne pol ari zer

to th?dWAlﬁggx ofyf£3L1 %%ygggg E%mihat 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 light of a light source; directing the light of the




«the 1igh
crystal

t
p

is incident obliquely on an optical axis of 10 the VA liquid
anel ; an analyzer for extracting a specific, polarized conponent

of the light that has passed through the VA |i qu? %c@ffdﬁ&r%s #aRly 2804 1 ght
receiver for measuring transmttance idntensity o e analyzer; and data
processor for obtaining a 15 birefringent phase difference R of the VA

liquid crystal panel based on the transmttance intensity so ' as to obtain

, ep6 1afr itded Veohb@Hch €1/t 8hebY jRRANS OfyER81bReId1 NPERK phase
difference R and data of an ordinary refractive 1ndex no and an

ext raor di gaky £Re PLAT L¥CihBIREA oif1 {08 VG Sh U D ¥oLelax [T S devi ce

a thickn

i ncl udes optica

VA |iqui
opti cal

d
a

axi s se ng neans capa dirrecti™ng ght to the

t al |_such that the light is incident obliquel th
e i 1B VAau il ot ¥Ry atapanfby MEASKAERG 25 the 11Ut so as

to be incident obliquely on the optical Specification as at: 2 Mar 2003 6
axi s of tREAPEMIYLAACE yRBenaltynw hid efPrfddice thalardsagds only from
the liquid crystal layer to be artificially generated. Accordingly, the

t hi ckrlesscofmpdmreivh bifquhe drygittaltipanehasapabeerteaturedgh bhacvaratel y. |
BRI EF DESCRI PTION OF THE DRAWNGS Fig 1 is a block diagram schematically
showi ng ald queid ogaps traspasaentddeeracinlfgh B.ird fisifgbh@Ckhdisagr am
schematically showing the cell gap neasurenment device in which the frame is

i nclined. dii fi@reRcies rNof | LH8t KAl iDNgh9n 441 NPakb@ Grf eLAki On bet ween
an angle 8 of light incident on a VA 15 liquid crystal and an angle a of

the Iight ' i nd
i psoi d B PRk ey End S el S0 Binl £ 80 AR ol d when

el lipsoid of the VA |1 qui

crys

the 110t 3% U3 1960PEr A Bp Fuband BRI MW ohoBitk phadda: 7 1o 2

per spective Vi ew

an es I i'on of “an op n which the

y

i degt el fefelud o Gtk WL TEFREEtoE 1413, S EHNE e ZP center.

15

20

25

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,
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
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.




«Specification as at: 2 May 2003 7 Fig. 8 is a graph showing a relation
bet ween retardati on R and wavel ength (err) obtained when the incident angle

8 on a VA liquid crystal is gradually varied frogefichforia at: 25M% gooP is a
tabl e showing a result of calculationXor obtaining cell gap dO based on
retardation R at a wavel ength of 589 nm DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS 10 Fig 1 is a bl ock diagram schematically showwng , a cell gap

neasur eneft cé@d Lifg 1¥he tRaASth eaRAle Sk Vo £t QA SEBgqaill ¢ty sealce 11 such
as a hal ogen | anp, a nonochromator 12 for obtaining a nonochromatic |ight,

an incidegt it@taéciﬁafﬂég ﬂ% E?rregi{i ding the light emtted fromthe
nmonochromator 12, a pol ari zZes 3 or extracting a linear polarized |Iight
fromthe |ight ,gFl tae i.nci dent Ii%ht fiber 13 .a sa Ie%/g« | i ui.g crystal
panel 15, an an 3'72 FV16S 6P LeREA &’f’n@gaa S rge}fblo rfz ]TJr Ht920 from
the light that has passed through the VA liquid crystal pane] , K 15, an
emer gi ng Frgifital pecarding §6i Bhig§ LR¥ antgHenGRMPRA8eSas&etightough t he
anal yzer 16, a | light receiver 18 and a data processor 19. The i ncident
light ¥ibsoundiet ha pobagingy ifyn e2etfapsinyy a fiikedwlpriaeszed and t he
anal yzer 16 are f fixed Specification as at: 2 Mar 2003 , 8 in a frane.

The i nci denmpowéats fabont thd ilgidht nef dehe ddghte sYadaegpiaptiyatlal panel
15 can be changed by rotating the frame, for exanple, by a notor M Data of

the rotat iagfi fngeethd e dmé ot a Madle tOf beirepulitrf thé nligatdaym
processor 19. Meanwhile, in order to change the incident angle 8 of the

| i ght !nCitfiﬁi‘?d)I‘ai:*iQe\fAtH AHedvar YSgii P8 s€al gaiBENdlchmeinytwvhi ch the
frame is fixed while a ; table for mounting the VA liquid crystal panel

oereor, 141 LAGhnl o e et ety o Loas AR gt soran
el L8 SRR B RS T 4Ry B8Pk Ag
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
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

25 the light so as to be incident obliquely on the optical




+15 15 is 8 as shown in Fig. 3, .and the tilt of the |light passing through

the VA liquid crystal panel 15 is (err) due to refraction. Wen the
refractive index outside the VA liquid crystal |§F%ﬂﬂ5m§qag§:phmﬁqéoﬁquals
to 1 because usually the outside ofgthe VA Iiqu crysta IS air) and
the refractive index of the VAliquid crystal is defined as n2, the

rel ati on between 8 and a is represented by the follomﬁng equation: n2 sing=
nl sin8 r efyr fa liquid 25
crystal %é%ﬁ%?ﬂﬁk%ﬁité ﬂﬁgdﬁcrggﬁﬁﬁquéﬁgg ecéﬁ%gae% é%eC|Y?bat|on as
at' 2 My 200 of .the_birefringence,qf the V uid crystal

Accor di nd:I?/suiﬁsa\s’é%ef*}g{“ué:htea%gﬁq‘fl?‘g Iy £53 ahjgéﬂerfar‘ify Rfex ne and an

ordi nary

i ndex . nq i.s used, which is given by 5 n2=(ne+no)/2 (2) In

addi t i on,2aE ket dEdiaddlY paeReratqth: u&%@rfiﬁélqwuanpdt&w%%s dl as

shown in

Fig. 3. The relation between dl and the thickness of the

VA liquid

crystal (azflthgayp doigeidepemysstatbdpeypeliCcan besmearsyred0 ( 3 ) Fig. 4
is a perspective view of an index ellipsoid of the VA liquid crystal. The
crystal aadsuohtidley VA i liquid crystal is set along the z-axis of

coor di nat
mediumto

e system Since the VA liquid crystal behaves as an 15 is
a light beamtraveling in the direction of the z-axis, t

t he
otropic
he

refractive index is not dependant on the polarization direction of the

| i ght. Iﬁﬁhéﬁg;wﬁggﬁgFgggyubﬁqﬁﬁé %ﬁﬁﬁ?ﬁ ;g of the VA liquid cry

being tilte an ang axis denotes the crystal
the VA liquid t al ﬂ € 1o ?& q% t
the |ight. Thecl';i/(ia;i:l S and% ec);t g%asg ormgg?l1 n(getf}éégxig’ﬁ%& Lﬁ I
a part taken froanlg 5.1in 25 '8h t.he part is hatched. A refrac
: a cell gap“measuremen evice.
index n a
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 is inclined.

25

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

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

center.
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‘Specification as at: 2 Mad. 2r 003 10, inside the VA liquid crystal of a
| i ght beam whose anplitude is in the direction of the x-axis ( the |ight

beamis hereinafter referred to as the "extraord@g@ﬁmmhopgghqyghgqﬁaﬁ) i's
obtained fromthe follow ng 5 equatiol: na=[ ne2no neZ2cosZa~-noZsi nZa )
)1~z (4) Meanwhile, the refractive index of a |ight beam whose anplitude is

in the direction of the y-axis (the light beamis hereinafter referred to

as the "ordinary; 40 gegnl 3 éfagheéﬁﬂﬁiﬁé hhe eari YbkRd@emo of the VA

liquid crystal. Accordlngly a difference"Dnin re ractive index between

t he ordi nar am and the e trao inar i ven by the

fol | ow ngr%éaé't%iagﬁﬁnlé aH'Cf( eﬁg) 5? \5\’% %%1 E in tgb%ol ute val ue,
D n=0 when a=0, and D n>0 mhen a >0 . Wth ne and no of the VA liquid
crystal ahBCidentiaraledhgpa @ JA chiauidacaxystal dhfadpAsiastdy 19 20
finds an angle (err) of the extraordinary oblique beam, wthat passes

t hr ough therykd ifpond 25ystal 45 t.he equations (1) and (2) Subsequent |y,
it calculates the refractive index n a of the light inside the VA liquid
cryst@ by the Bfgatbobs (a 4£3gbleasidowhagdaf tesaldeoZSc@leulmtedbnacti ve

i ndex by the equation (5) above. 11 Specification as at: 2 May 2003 Wth
the diffegeRcHtaihAneidarii 3@;)' e X Aa¥dn@ rbaed: gbHaitieth R hetardation
R between the ordinary beam and the extraordinary oblique beamthat pass
through the My didHGEnCloBtRgol gnexperinental ly 5 determined and is given
to the data processor 19. The data processor 19 then cal cul ates an optical
pat h Iength dl inside the VA liquid crystal panel based on the follow ng

equati on: =R/ D n (6) 10 Subsequently, the data processor 19 converts the
optical p u I nto a cell gap dO by
opti cal ?ﬁ%éxﬁf‘g{r?gﬁ AFStiE EREHRkEE EsTD RS

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 1light
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



*Thus, the cell gap of the VA liquid crystal can be obtained. 15 It has been

understood fromthe aforenentioned explanation that the user of the cel

in the data processor 19, as Oell as to find the retardation R

bet ween the ordi nary beam and the 20 extraordinary oblique beamthat pass

gap nmeasurenent device needs to input the data n

crystal

t hr ough
to obt ai

an essentral portion of an optica

the VA liquid crystal when the incident angle 8 is tilted. Now, how

§petifitafion &f ati h@ayAobs qui d

4 N FhRL 1ok on: ok S GUSPRY. 0 0.0 o 115 dnPCI ARSGE Vi ew of

emin e | nci

ent angle 25 8

at: 2 weroBobiey TrE B, e EFL T paRlY L SRR e BRBR W% h0" T
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"1 e %
"kofating sndEank

OFi FERMPIHE ufPYhé

S is sg% in_a direction peé§ﬁ§§¥c§labgééphety[?xgs
zes istilte

by 45 clockwise with respect to the y-axis within a plane including the
y-axi s ar@fxthe £QEatipmeapgls iofatihenmgitiaac M ax ot ot he anpwAed 16 is

by 45 clockwi se with respect to y-axis within the plane including
y-axi & aniinxtheaxiatasopasces smaslPe 10 a transnittance intensity Tp in a
ni col condition. Then, the analyzer 16 is further tilted by a 90
(135 in total ) M®aAwhiQ éEdslior det ENTHANgaCEhEN ABSIdehtd Garidl & Cross
nicol condition. i In the parallel nicol condition, the 15 transnittance

| nensTtY gy b S N £50! Ll R cTBTCPA $h(1 Tahiia h%ﬁ%%ﬁef! col
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parall e

condition t a transm

tance hintensity Tc is represe
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15

20

25

ipyention, s o N
rceQﬂP
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Sgagram schematically showing
the cell gap measurement device in which the frame is
inclined by an angle of 6. Inthis condition, the angle
of the light incident on the VA liquid crystal panel
15 is 6 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
is 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 sinb (1) (Snell’s law)

Here, the refractive index n2 of the VA liquid

crystal cannot be determined as a unique value because

init?d t% t he abgvg-nentioned enbodi nent .
580 fid*the | | 5 nonochromator 12

=sin~-,Q( 8

| nst ead




-beam source may be used faor the nonochromatic |ight source. In addition,
al though the transmttance intensity nmeasurenent is performed by neans of a

10 conbination of the |ight source 11, the nDnoch&ﬂﬁﬁggnéguhz@@onmg | i ght

receiver 18 in the above enbodi nent, i? is possible to elimnate the

nonochromat or 12 and to di spose a spectroscope before the |light receiver 18
The way of spectroscopi hg when using a spectroscope 15 may be arbitrarily

det er mi negyf igha#hbghe ffroinfxALB! &£ & 1K@l 0& iiliBra @rpPskam, @ grating or
the |like may be adopted. Furthernore, instead of using the notor Mfor

i nclining A}%_e?g%ﬁé%?kr,agﬁ, ?{7@§a%ﬁa\éifilﬁ?ytggte§{ ;@P(gﬁﬁdah 20 such that the

frame or t nounting t qui panel thereon can be
i nclined by hand. O, the device nay be aQ{an ed such that, the gptical axis
o prel | meHaTT 39T AANARY ARAEH AfcAn itk ST 9 PERKp RIS B WU FESpect fo a
VA liquid crystal panel (wth 14 Specification as at: 2 Mad 2i 003 a cel
gap of apptbi¢hatsl Wiyen B which is estimated fromits spacer diameter),
the incident angle 8 is i gradually varied from25 to 45 in finding a

rel ati Bn bet weema=fme#ndi)d2 R and wavel ength (err)X2) The obtained 5 result
is shown as a graph in Fig. 8. Retardations R at a wavel ength of 589 nm are

read out frwnadletdgraph, thadopalicgBppad® Arenpbhained dry théheacal cul ation
according to this invention. The | a result is shown in the table in Fig.

8. 10 As FiﬂundSBQ*g%téP?i§eé_li 83Ps HBwH 1iGNH g | 3| uphHakesadGeaiding to
the incident "angle 8 varying i from25 to 45 . wever, the value is al nost

| t constapiivelkh WeMHLIvHE % icﬁn\%’s‘é e FHCA e §§PACRGY XK ot he

fluctuation is not constant mnsﬁln the 15 range from 25 to 45 of the

i nci dent agggﬁlié%éf @QSEEmf%ﬁfbééﬁQ@ﬁtﬁyﬂ effect of the fluctuation can
y taki’n )

be deni ed an aver age.
10 dl cosa=do (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 2

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
ah angle a.

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

25 which the part is hatched. A refractive index na



The 'results set forth above indicate that the cell gap dO can be accurately
nmeasured irrespective of the 20 value of the incident angle 8 by the nethod

of neasuring a cell gap of a VA liquid crystal p§%§hmﬁn@pggﬁqZpg!ngghe
present invention. 1 15 Specificatibm as at: 2 ains 4 1. A

met hod of measuring a cell gap of a VA liquid i crystal conprising the
steps of: 5 (1) extracting a fixed, polarized conponent fromlight of a

li ght soujggjdle (@Hed{'i\eqtii '&hérb( rﬁtl Ocifthl,p; T IgedmCRRReeNt | to the

VA liquid crystal panel such that Ight s 1 C|dent obl'tquely on an

Cranen ¢ AnEa TS i )Y sp/ 44V EOR o B i’&‘e#i%ng%ﬁ%thbqquhe /i ght

t hat has Eassed tgrough the VA I| uid cr stal anq] £ deternlnlng a

bi r ef r i ngBREMpASsBeFiG s Ehes rRefrermed i 'e¥ §§P6H WEheY based on
the i transmittance intensity; and ; (5) obtalnlng a thickness of the VA
liquid crobildlaus heans )ofis hebbpiafad nijeom phesd£afi ¥eeingce R and data of
an ordinary refractive index no and an 20 extraordinary refractive index ne
of the& VAeguautiibweystal. 2. The nethod of neasuring a cell gap of a VA
liquid crystal panel according to claim1, wherein the i 25 birefringent

phase differencg Rt 5e2Rbal/Nee? Q£S2C§@n§pQQIﬁkp§tn0n as ﬁg) 2 May 2003
nmeasuring transnmttance intensity in a paraPl nlcol dition and that in

a cross nicol cqpainkjipin é SERar %teeﬁryac@l@e Iﬂaé@td”&?da Olfléfﬁésﬂé'aﬂxg a cell

gap of a VA liquid crystaf panel according to claim1l1l, wherein the

thickness gloddemify 1EAd 16" Y3 he JiPUA DS S Pronany LhG 1S ¢RE

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 ordinary 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 angle® 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.



+(a) 'calculating a refractive index n a of an 10 extraordi nary oblique beam
within the VA liquid crystal based on an ordinary refractive index no and

an extraordinary refractive index ne of the VA |%E%ﬁﬂmﬁéﬂ§§ﬁ42Nﬁ9boo3
calculating a difference D n between flle 15 refractive 1ndex n(err) and the

refractive index no of i an ordinary beamwthin the VA liquid crystal; ( c
) dividing the birefringent phase difference R by the difference D n so as

to obtain an opi,. h4L iat hip_t i quid.cr al; and 20
(d) converting %’ﬁgﬂopﬁ%aﬁﬂggg%ﬁeﬂ#\%m@l Epn?gfg%cée ﬁyéa% é%‘% aki ng
refractio . T he, Light n_interf tween air t he l'iquid
crystal i ﬁtag)claé: olﬁﬁte.% Aﬁba‘[Aaggeldde Oﬁjﬂgﬁ%gg&ﬁ Ogn ZIB‘C%??QS:?B‘ o\m?i VA liquid
25 crystal el coppri sing: Speci fication as at;, 2 2003 17 a light
sourco, | ( DFCLRRFY, PRam PG B RN RO AN Sh LA 49 EA EaMObRES 1 r om
light of the light source; ( Zoi.oppical axi s_setting neans capabl e of

di recti ngPRshet hrghgofthed?pol dgniek oxiwstahat st pEpEHREensalddi dent
obliquely on an optical axis of the VA liquid crystal panel; (3) an

anal yzgr fdetexniactd ragnd isperiven, tpokhre Aedt x pryporessoaf 10he Thiegght t hat
has passed 10 through the VA liquid crystal panel; (4) a light receiver for

nmeasur i ng d4 @aspirblcdf$ot N onginien 0fal b 1A &/ Z8h; opd dad padéhndata
processor for determning a birefringent phase difference R of the VA

liquid cr hsé%{;(tﬁaﬂ@ i%%i@é%é’r\lﬁhfigh%ﬁl@ﬂ SOLE bAhEASHakRP &S 1O

obtain a thickness of the VA liquid crystal by nmeans of the birefringent

phase(ﬁffé“gnfg%@é¥¥bgakagg£fghprdinary refractive index no and an

extraordinary refra ex ne of the VA liquid 20 crystal. 5. The
devi ce for neas#{igg/ cell gap of a VA liquid crystal panel according to
claim4, wherei h Bical axis setting neans coﬁﬂf)ses an inclining 25

T B B s U0 BN A "B R 5 S SOk 0N 2 2t
optical path length dl inside the VA liquid crystal
into a cell gap d0 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 O is tilted.
Now, how to obtain the retardation R is discussed.

Fig. 7 is a perspective view of an essential

portion of anoptical system in which the incident angle

25 6O is tiltedwith respect to the y-axis being the center.

RN



'6. The device for neasuring a cell gap of a VA liquid crystal panel
according to claim5, wherein the 5 inclining mechani smchanges inclination
of the optical axis. 7. The device for neasuring @egﬁégt,ogapapﬁ May\doki qui d
crystal panel according to claimb5, vierein the i i nclining nmechani sm
changes inclination of the VA Iliquid crystal panel.
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Tc=sin?’f (8)
20 Here, with a wavelength at the measurement given as

A, B 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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10006% 0%@&onc ¢y 5o0dR oY) -112386%k (n 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

()- 1000 1000$7j dEEC

JR——
1



31Y10%&' ()-/:10% ()--10%& ()-OPQRt ?Qs{Y8 10 t|y(10%
& ()-s!. (G 10%& ()-1 G 10%& ()-! QZ10%& ()- 10 10 10, 97" 10%& ()-s6ewU3{Y8 !o

|Y(10%UU& ()-s!'%y(10%.L& ()- 5'"‘|Y(10%& ()- s'n Specification as at: 2 May 2003
| y(10% p*p& ()-s! & y(10%&' ()-s! |y(10%Z& ()-s' p- %WMQ}Yg
'910%&f() Y510%&' () - 9! +Z(10%D0&f() LIJ'o +Z(10%&f() L!

+Z( 109’ ()- LI v"" | y(109%: () - 589: = | 100 () mO0wE ()
'O @L0%E& 4114 _
13" 10028 () f/)ﬁ/a /Zg i]ZFO(VZ&' ()- 318&/02&' éz(% 18 5554n 3@&

Lornrgtr# <) = ) )gd 23" Z& () - Y&10Q9 100278 () -t
nd il A %i@fﬁ%ﬂ%ﬁ i e

" 0, 0, S 0, 0, ! 04504 O, 00 !
&F109&! )gft%?ga( 1Y1\0@/®1€§1 EE6MR20) - £60d5() Lroddndddy ABT@LAL 1aBug’ () - 3
0/(10%3&() | 10%& ()-F F109%& ()- @109 & ()- | @10% ()- "' ((R("?_@

Il F110%& PptweemnevardabigrgRiemE Wavelangyd () - Te wdooained’ ()- 3&10%&

() - R( ~((( ))) ))dYNC !

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 & by the method of
measuring a cell gap of a VA liquid crystal panel

according to the present invention.




.10 10 10, A 10% ()-9 "10% ()-. 7Z10% ()- 510% ()- 310%: ()-)0)_)))))aBYNC

I'SI10% ~&
U& ()-I!

(10%wv& () -
& ()-@@y
" 10%9JU&" (

()-43 m 10% U& ()-F310% U& ()- f10% U& ()- Y10%

1008U& () -) ***++f ++}[OYNC 11" "10% & (%-euﬁ"c’%t(&pa{dalu& Hady 5003
(10% ~& ()- F10% U& ()-! $b109AJU& ()~ i,,,CaBYNC I

10% U8 ()--10% U& ()- *ml0% U& () - (10%u&() K

U 10 UF9 10% U& ()-!V "339%40%c& (Li@%ms /?/v//a?{\= 111n
"109%&' () - 3s109&Z& () -

88109%Z& ()
111 +) 109&

%[ 2\ 2] 27 3aVK@

- -1 HB&L10%& () - - Z109Z& () - &109%Z& () -/ " 0T0j 0000a?{\ =

33%10%

)-Crmmmn-- < A\= 11 m0%z& () -1 10%2& () -![yZ10%>Z>& ()-z 10 U 10

()-)109@Z& ()-Y&L09%Z& ()-$' 109&& ()- F'109%&Z& ()-! 4F109ZZ& ()- 00LS11

A method of measuring a cell gap of a VA liquid

crystal comprising the steps of:

10

15

20

25

(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
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 birefringent phase difference R of
the VA liquid crystal panel based on the
transmittance intensity; and

(5) obtaining 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

crystal.

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

birefringent 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 dl1 within the VA liquid crystal; and

20 (d) converting the optical path length dl 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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incident obliquely on an optical axis of the VA

liquid crystal panel;
(3) an analyzer for extracting a specific,
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) adata processor 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



+10-u
10- UG10% u& ()-Bl11333IZ[9b@! ! V' n{ 10%&' ()-s $10%& ()-! Fl " (10%e& ()-1 1" (
109%65&' () - F10%& ()-!!10% ()- @) KZKKKLLA<b@ ! ! ! Kk 30%i080d k- §MD @b@,g)ty& ()
s*' $109%&' () - (10%&' ()-! F$0" n{ 10%&' () - L'8n( 10%& () -

10928’ ()- 109%& ()-3 YL0%Z& ()-!Vs1092Z& ()-m 10 10

10910% () -t MVBNNNN OnX6~_@1; " 10%s& ()- 109%& ()-!h 109& ()-!K
"10927& Opticall@¥%Ee’’ dna’ khe' VEZRhLd CO9 FERLP dhe1@

"1°3109@& ()-,/ (109%& ()-Z - 109%& ()-*#10%U& () - Y& 109@& () -

" 10928 () - PP- Q DQLEPCRAQ-\ =1 | YT 10% () - | I's: 109%X& () - m 10Z 102

10Z, y>' 109@2& ()-: !, 7t1109%] Z] & () - y5109@Z& () - QUARRRRW-\ =! | Yt 109&

Y(10%LQ_'()-!(Y 0% ;1 OY(LQ%X KX &' L (_m(10% 10%& ()-3 Nornal"
"Headi ng 23] c" " %r?g‘)lz%fc °rHé‘b%"i‘§1‘¢£%§f3ca % ﬁ éép r% %adi ng 53] c"
"Headi ng 63]c" Fbadln 73] c". "Heading 83]c" "Heading 93]c"A" Default

Par agr apht Fowid W@St&%] PRIESL A QAR ObGiﬁjllnhéntWB%ﬁllZ‘

Al QR<=>?@A\BCDEFGy4%.SM %'s8 ! #H$l % R()) +C <./ 0723D45979:

<=?J @\BDDEN Gk HBILMg WeChERH. SKIANDPGRSTINOKY DA on adﬁ:d—éﬁf&ghpjtm%bpqr st uvwxy

z{| }~6Ti mes New RomanAri al Courier New'h Root EntryWrdDocunent

I"#$9R ()d»is./ 0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

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.




