; e3ePMBFf h6T; F; 02 May 2003 METHOD AND DEVI CE FOR MEASURI NG CELL GAP OF
" .VERTI CALLY | QUI D CRYSTAL PANEL BACKGROUND OF THE I NVENTION 5 Field
of the Invwmn’mmwwiﬁesent invention relates to a nethod and a 10 devi ce
. for measuring kness of a vertigally aligned |i guhd,arV. |
(hereinafter réffred to as "VA |iqui chr ystal ") bei ng%gzgﬂ& Zﬁhfa panel .
Description of Related Art Liquid crystal display panels conprise glass 15
| ayers at Lot t i i nternmediate | ayer being filled
with ali %‘#@%Py@%%ﬁ@%ﬁ%ﬁﬁ#ﬁ@&ﬂﬁ% GhR P Rl'l?lcﬁﬁ’dggr ystal is
previousl%yghlled with air until the liquid crystal is sealed therein.
There has GNEDC SRR P oRBY SFRAIhRABELneasuri ng 20 25 the thi ckness (cel
gap) of a liquid crystal sealed 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 neasured to obtain a thickness of

the air | ayRCKGROUND iGFr eg&r daevExsrtOR t hi ckness of the liquid crysta
(Refl ection-interference nethod). 2 0 Z MAY 2003 However, the thickness

of thesairrpiayar R daineddtoli duid crystal after being sealed in are
not identical in a strict sense. Accordingly, devel oping a nethod for

directly nmeasuri t igkness of .a_.5 liquid crystal after it is sealed
in has been ami#ﬁ%.gfitﬁ%t#eﬂ'r%%v\%lﬁ& ﬁ&&a&sesa %t%dﬁeFﬁoﬂh' A #he
birefringegggipgpp rty of uniaxial cr¥§Lals that liquid crystals have is
utilized in sdach a ManfEASTHARY | Ghe thigknritdofnrov@r bigaldyi zer
perpendiculﬁng%v%£ to the surface of a liquid crystal panel with a liquid
crystal selré IR LY ey sbadethareina fhny kateraadntotamd¢dA Based on
t he opticah.tr%gfnittance, a birefringent phase shift (which is called
"retardati oS iSF FRESERi M ReiBgasead etbt bn nnpanelds. from which the cell
gap is obtained. (Refer to H L. Ong, Appl. Phys. Lett. 51 (18), 2 Novenber
1987,]db.1398-1400, Japanese Unexam ned Patent Publication Nos. H4-307312
and H2-118406.) Al though the above-nentioned nethod is an 20 excel |l ent
measuri ng P@swgiptipnziofy RébabedefArithgence property of liquid crystals,
-1t is only effective for liquid crystals whose crystal axis is in a

direction paral | dliquid herpatell slisptay pachdlanpdhpailse tgLddguid
crystals including the VA 25 liquid crystal whose crystal axis is in a

gi rection la)Ped\YaRO®Redar pevyli sHlabote dnh & DAt heUs haemddi §tbS
ecause, '
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 froﬁ 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).

VAR

*GO0002*



as far as uniaxial crystals are concerned, the "liquid crystal whose
crystal axis is in a direction perpendicular to the panel surface" is not
different 5 froman isotropic liquid crygstal when viewed fromthe |ight

traveling direction. Although the reflection-interferench mgogqnaenti oned
above may be enployed for the isotropic liquid crystal, due 10 ximty of

the refractive 10,index of .Liquid crystal to, that, K of_glass, only weak
interfering Iigh?H#Qggfﬁéchﬁa#3“@%%%?§Fe?%mﬁbghaE£u§g§e§ Gﬁﬁgﬁxﬁﬁ%gin of
error in the sured filmthickness. It is therefore an object of the
present 15 Pivédts ohl 8Bigr Skt alnefier deingvsealiat tecarst slot
measuring the thickness (cell gap ) of a VA liquid crystal having a

bi ref ri ngendégirtopealyinhasetopidtcadenses Rscomddrdj Fect demepeppengi cul ar
to the surface of the liquid crystal panel. 20 SUMVARY OF THE | NVENTI ON The

met hod of measuetmgdafoel IdigaecblyamdAditing ehystali acesdi BE a0 this
i nvention conprises the steps of: extracting a fixed pol ari zed conponent

from 25 81 i 1@ d1 @bt aloHrets df 06l bod ke ik dle Blokl'Bue k87 MAY 2003

pol ari zed conponent to the liquid crystal panel such that the IS

i nci dent obl i quel opi. i.cal i f.the VA ligui d crystal panel
measuring transmi %&tngﬁcﬂg&fn élﬁg’?lt ﬁﬁ%gs%)éc%fingtrb%q#a}?z l§e}bo ®nent of
the |ight tﬁg{ hgs.ﬁassed through the VA liquid_crystal ganel; determ ni ng
a retardati on R bf 1PRENGE IREAPEEEY QG UphaZdadn s k2 hfskbatance
intensity; qu obt.ai ning a thickness of the VA liquid crystal by neans of
the ret ar datt bRV RAANEY 8L DPFaHe 16 Svtdi bz §dr b raideh @ Marefrnbhakd an
extraordinary, refractive index ne of the VAliquid crystal. The "light of

" the light soﬁ}ggt erfippeteshdgough a polarizer perpendicularly

10 to the surface of a liquid crystal panel with a liquid

crystal sealed therein S0 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,
pprl398-1400, 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



may be a nonochromatic |light or a polychromatic light (e.g. white Iight)
In the case of a nonochromatic light, 15 the neasurenent of the
transmttance intensity can be carried out directly by a light receiving
element. On the other hand, in the casg of a polychromatic light, the

measurenent of the transmttance intensity is carri edgoptMA)(ygn@e l'i ght
receiving element via a 20 spectroscope. In this nethod, by ditecting the
| ight such that the light is incident obliquely on the oBticaI axis of the

. h .t he
liquid crREEPepaAculay R thgepaRedasdddant y PYiends| peGanNsGystal | ayer

s artificially generated. 25 Accordingly, the thickness of the VA liquid
crystal &s daar s andiaxi 2l enpstaledare QoMA¥raeaB, Tie ddviqueid or
nmeasuring a cell gap of a VA liquid crystal according to this invention
conpri ses ¢rgskaghtwisse cerys tRal atzer ifonnest Idictéd@ianfi xed, polarized 5
conponent fromthe light of the |light source; optical axis setting neans

capabl e OfPQEQt%t'iggﬁgﬁttbg%eo;,gg@ %ﬁf’?ﬁ%‘é?" 59 hidt F\@ffgygﬂ.tcrysta'

panel such™t I's I nc y on an optical axis of the
VAliqud tal panel; an al yzer for .extracting. 10 ecific,
pol ar i 76d SERBoRBNEEST R T | HhY UL Rar THAS Phadinp (FhotsR EREMADE qui o
crystal papel; .a “%gh i_receLver for measuring transmttance intensity of
the anal yzer9Mnd Ay el ingc&4ss3c¥ 4P Nobt ai ning a retardation R of the VA
liquid crystal panel based on 15 the transmittance intensity so .as to
obtain a thi cknesspbtherghvAhe quefilecydion -yt aehasesfce Hrekthedr dation R
and data of an ordinary refractive index no and an extraordinary refractive
. index ne omenfsiomedli gboyemay abe edplltywedefdretiheclisebropticcal axis
setting neans
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



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
02 MAY 2003 axis of the VA liquid crystad allows birefrirngence that results

only fromthe liquid crystal layer to be artificially ge .
Accordingly, the thickness of the VA Iliquid crystal pane{ue(g:ﬂﬁﬁezu%asured 5

accurately. BRILEFR DESCRIPTI . i i S, ja [,agr am
schemat i cal??lf?ﬁo]v\%%g %&(‘:‘Bpgggng; %Egﬁr%é\r@e{l%dgv&éé?t%& I'—F%)Elg]%; ggég' bl ock -
di agram schepatically showing, the cell gap, neasurenent deyice.in which the
frane is i nEP?ﬁeH%eF%(g.gl@ LS HRCAASRE r‘gﬂfbﬂuf‘iry 8RpPRi MW hySPhe@FérPat i on
between an angle 8 of light incident on a VA 15 liquid crystal and an angle
c~ of the |pghtthpas¥hndigwichghryBéadA panald &@asidringig. 4 shows an
index ellipsoid of the VA liquid crystal. Fig. 5 shows the index ellipsoid
when the |i ghtar?mistancld nadteksgtyd 0 a parididiie) ewodfardi ged5. Fig. 7
is a perspective view of an essential portion of an optical systemin which
t he inciglent Refti & ft thieed iWHt frRSBEBES! Palshed-EEsuldl thd VA 25
center. 02 Y 2003 Fig. 8 is a graph showing a relation between

retardation (ﬁpﬁdwaég{?g—] t B athe OB gie&eéirwﬂﬁ@n i ir@&?@&ht@!&@i e9 o a VA

liquid crystal“is gra y varied from25 to . 5 Fig. 9is atable
showi ng a resul t,,of cul at | fqr i5Ni I on
retardation %th \%/;iy 16%9%159%;1;’]89@%’%]8%)@%9 _ I&Q&%%EERRED
EMBODI MENTS ilr(xjttla:h iJf:y';S aan&)lo%:tkaﬂ'&%rga@ %(H‘iecn%éggl b¥ %ﬂ%wvasgliquid

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. whitelight). 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 1liquid crystal panel, birefringence caused only
by the liquid crystal layer is artificially generated.

25 Accordingly, the thickness of the VA liquid crystal



a cell gap neasurenent device. The nmeasurenent device conprises a |ight
source 11 such as a hal ogen | anp, a nonochromator 12 for obtaining a
nonochromatic light, an incident light 15 fiber 13 for guiding the |ight
emtted fromthe nonochromator 12, a pobarizer 14 for extracting a |inear
pol arized light fromthe Iight of the incident |ight beErMA¥L20 sanpl e VA
liquid crystal panel 15, an analyzer 16 for extracting a Iineara%olarized

l'ight 20 fropthe Qdyﬁ Pat has Aas through the VA liquid crystal panel
15, an energing |ight ?%e? ¥7§§%r gﬁ? ing the light that has passed

t hrough the anal yzer 16..a light receiver 18 and a data processor ,19. The
i nci dent |ight fiber %Yl?ﬁe%(gmeg?%‘érlli“@n? %%Pgic-baéﬁ’ olf%,a {,gef’pg\‘éfji zer 14
and the anal yzer 16 are fixed 02 MAY 2003 in .a frame. The incident angle
8 of the |i“gIKYSFﬁ i BEFCIThL R Bt VAN | fdiny epy PRI cCORRER SPS (canl b@héhanged by
rotating the frane, for exanple, by a notor M Data of the rotation angle
of the notofowreee wopblod dmbuerefiod extuiae thite pridcesdprpddarieadhi l e, in
order to change the incident angle 8 of the light incident on the VA |liquid

crystal Spanebtmpbdherst nEchant ke Loghtt off tthee firiayret isodised vwpilieaa table
for mounting the VA liquid crystal panel thereon 10 is inclinable may al so

be adopted. akig. s¢4€iAgbhAah i AN sCBETRLLGAI nshONLNE s WA ol | gap

measur ement device in which the frane is inclined by an ang

this conditiqn, d i ght i 6gi he MA_l i qui yst al
panel 15 16°h BOIRERERE €8 (€ VATLALER EEONERT boRel il et Ny

t hroough the YA Li.quid crystal .panel .15 is due, to refraction. Wen the
refractive F% e%%ﬁh%ih% %ﬂ%lgﬁn&i&Hif%??iyapnignnggﬁgﬁ f?%ﬂs(ﬁf equal s
to 1'becaus% usyggti t he, out si de of the VA Ii%%id crystal 20 is air) and
the refract o0& | P q REYGAAL BANE ki PR 2P ALy 2R ERdde RS rREt g
relation between 8 and a is represented by the follow ng equation: ri2
sing= mYsi A9SPHCIShEr | Pe 1z e reompRB endt e tibge 1] quza'éfh_we VA
‘liquid 25 crystal cannot be determ ned as a uni que val ue because 9 02 MAY
2003 of thePSiT¥edi Rpaitdlbf thRe VOA Jiquid enysital peveddi mglyighh average
val ue taken froman extraordinary index ne and an ordinary index no is
used, whi chiexcgiven fprome2symegno)andmi)tdncadditéensitiyhefophiecal path
| ength inside the VA liquid crystal is dl as shown in Fig. 3. The relation
between dl anthlpeethi ckidssath PheMsbbauifdrCroista@ining 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



(cell gap) dO is represented by: 10 dl cos a =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

coordi nate system Since the VA liquigd crystal behaveihzs ﬂﬂ ﬁ@aisot{opic
mediumto a light beamtraveling in the direction of t @- x4¥8y t he

refractive, index is not dependant on the polarization direction of the
light. Fig. .5 iLlLuystrates the inde | 1ipsoid of the VA Iliquid crystal
being ti |?’é&gb?/£a %5@1 3181“ .C*Fb{éx*?gl Albows hdFsifesingeneeykhak axis of
the VA Iiguid crystal, and the z' -axis denotes the traveling direction of
the lightte®Hd S QplY &rem fde-bhikguitdoanystahglayar kiog.b& illustrates a
part taken fromFig. 5 in which the part is hatched. A refractive index n a

02 MAY 2088tiifsiaieal by Yaneimptied cr ystebrdimyly ghthbesmiwkasss&npl i tude is
in the direction of the x-axis ( the light beamis hereinafter referred to

t he "epff ali i gllil 1) vl t @i f | 1 ow 5
auatton: hac neZno2) AR reo RERSY) a8y WiEER e, The

equati on: na=[ neZno2/ (NneZCOSZa+no2si

refraq;ivg&duyarg£ a light beam whose anplitude is in the direction of the
y-axis (the 1 ght %an1is hereinafter referred to as the "ordinary 10 beant
) is the sane as the ordinary index no of the VA Iliquid crystal.

Accordingly, a difference On in refractive index between the ordinary beam

and the extraordinary oblique beamis given by the follow ng equation 15
~-n:ABS(nai§‘k*8§j}"p 59E§H§F@ iQFaﬁﬂgbéﬁgﬁﬂéNﬁﬁlue, D n=0 when a =0, and D
n>0 when a >0 . Wth ne and no of the VA liquid crystal and an incident
angl e 8 given afidhth, isnd Badrgkbrgsam sehemat healdy shgwingof the
extraordi nary obli.que beam '

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 8 of light incident on a VA

15 liquid 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.
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

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

25 center.



t hat passes through the VA liquid crystal by the equations (1) and (2).
Subsequently, it calculates the refractive index n a of the light inside
the VA liquid crystal by the equation ( 4 ) , and the difference 25 D n in
refractive index by the equation (5) above. 02 MAY 2003 Wth the
difference Dn in retractive index having been obt ai rﬂa&', MaYrg{mgr dation R
bet ween the ordinary beam and the extraordi nary oblique beamthat pass
through the VA liquid crystal is experipmentally_ 5 determ ned and is given
to the data pr o"i‘:v’égsor8 ¥ rheraRhashostirgor ¥8lamdencetvaed8s an optical
path length dl inside the VA liquid crystal panel based on the follow ng

equat i on: reltadax hoi6R A dBSubseglengityh A hebdatimear agiesaoth&d converts the
optical path length dl inside the VA liquid crystal into a cell gap dO by

means of tif ideiti 8Rgle®) oAV &a Tlf&@uiah%rg%'t'alg% %}r&ﬁﬁa‘i"i}} i quid

crystal can be obtained. 15 It has been undersStood fromthe aforenentioned

expl anat i us,gdo of t cell gap neasurenent device needs to input
the data ?ealtaﬁn%&nggggn ?ﬁ’e %R I4ih°§ui'd crystal in the data processor 19, as

well as to findt.he petardation R between_the ordinar ea nd_ t he 20
e_xtrao?di nary ogll‘l@q'u %ga%aﬁﬁ% ep%ggwtlﬂlgoﬁgﬁeﬂéf%\&%l%ﬁgFHT@r Q% when the
i nci dent %ﬂg%e g is tilted. Now, how to obtain the retardation Ris

di scussed. T P lnipgrehbcinPe AR HrErdaR e LA FARLAOM iBMbBf an
optical systemin which the incident angle 25 8 is tilted with respect to
the y-axi s® eRNGLEMI @ Er 589 @m.MAY 2003 The direction of the incident
light is shown as the z" -axis, while the x" -axis is set in a direction
per pendi cular to the y-axis and z" -axis.

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 monochrpmatic 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



The pol arization direction of the polarizer 14 .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
W th respect to y-axis within the plage including y-aqj? ﬂ@@ 26'-axis SO as
to measure 10 a transmttance intensity Tp in a parallel o] (@ondition.
Then, the analyzer 16 is further tilted by 90 (135 in total) so as to
measur e a.tranfnittanig intens%%y Tc in a,cross nicol condition. In the
paral | el AcBI TE3MGirt FB5, 1PREIRTY ke t Omk Ehaddaht impidentepr esent ed
by Tp=cos2 ~i_.In the c¢ross nicol condition, the transmttance. intensity Tc
i s repres8ft dd'HyWA ¥lauilh crysbalopanale 15 wwah hevaharggdhbat the
measurenent given as ~i is defined as a=~RI~. 19) This results in the
fol | owi ngr&tAting: the/ framem? for( eXampibe, biear aocraiat MONDRtias gi ven by
02 MAY 2003 13 R=~Ltan-1 (Tc/Tp) ( 11 ) Incidentally, the present invention

I's not |iwf etel pottlad a0 \engPald ORafe stk Ihlre LBSHeafnBhL i@
conbi nati on of the light source 11 and the 5 nonochromator 12 used in the

above gang{mgn§,dgtgaiﬁkxgggg%§oq@qe may be used for the nonochromatic
| ight source. In addition, although the transmttance intensity neasurenent

is performed by a i.nati on_of t | ight soyrce 11, the

nonochr omat or 1§g§§§ﬁﬁpi%é #gg fgggc ?V%?aﬁgeigﬁFhégﬁﬁgﬁ@ $ent, it is

possi bl e tg el'ghnaie &gf,nnnochronator 12 and to dispose a spectroscope

before the Iiodé'h CetdFPdy 11§ 1deple o her Vapdiandse epiyst ah@anelng a

spectroscggf 15 may be arbitrarily determ ned, in which, for exanple, a
ter?

color fil 4 Pecdanisy, ip; Whigh (bhe| framenyipef huegt athileiraher nore,
i nstead of using the motor Mfor inclining the optical axis, the device may

be arranget®BbestRr neunting thenaol ighd & apys tiadr panel ithexéenVA | i qui d
crystal panel thereon can be inclined by~ hand. O, the device may be
arrand@d sk€hingdinahlepnpayamlsaxilse | adppéleidyinarily tilted at a fixed
angle. [Exanple] 25 Wth respect to a VA liquid crystal panel (wth

_ Flg. 2 is a block diagram 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 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 (n1 equals 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

Q@ is represented by the following equation:

n2 sina= nl sin8 (1) (Snell’s law)

Here, the refractive index n2 of the VA liquid

25 crystal cannot be determined as a unique value because



02 MAY 2003 a cell gap of approximately 3.5 u.m which is estimted from
its spacer dianeter), the incident angle 8 is gradually varied from25 to
45 in finding a relation between retardgtion R and wavel ength ~ . The

obtained 5 result is shown as a graph in Fig. 8. Retard tg m a
cravel ength of 589 nmare read out fromthe graph, and Ce ma 0 are

obtai ned by the cal culation according to this_ invention. The result is
shown in theft&he hhrefgingenge ofisthieg VA Lhaldd sl -gap do
slightly fluctuates according to the incident angle B varying from25 to 45
However, Rleeosxadiegly alamsavesasianyayuien tdkeni ELAM bf 3.5, CLm Since
the tendency of the fluctuation is not constant within the 15 range from 25
to 45 of thereident andéxirfe passa bl €rddnassuimdehanoefs ssedi t he
fluctuation can be denied by taking an average. The results set forth above
i ndi cate thaj, ¢ zel | s d an be accurately neasured irrespective of
the 20 val ughb gﬁhg%i ﬁclgggﬁt Q’Xrﬁgl e 8 by the nethod of neasuring a cell gap
of a VA Liquid crystal panel ;’;\fcordi ng to the present é venti on. 02 MNAY
- 2003. 155CLAIMB 1.n%% fBERGP ¥ 0f neasur | ng the cell gab ?t hi ckness) of a
vertically aligned (VA liquid cré$tal sealed_in a b Panel - &‘he ,\é&qui d
crystal haviby adsiiftefonngéice opbpeErdly RibRelemdtdy tRzide; £hs,
direction perpendicular to the surface of the liquid crystal panel,
conpri sing t begatiepcof stall)sexdl st istyounf inedigoldr iThel toOhpbAeM from
10 ~ light of a light source: (2) directing the light of the polarized
conponent t opidteraén | d guaddctyss alh istichhelsab ft hd ihtl iguidcedpatal
obliquely on an optical axis of the VAliquid crystal panel; 15 (3)
nmeasuring transdiitgapg idd ensi epHesesped ye: polarized conponent of the
| ight that has passed through the VA liquid crystal panel (4) determning a
retardati ?61 R of t V, %iaqghg crystal panel based on {jye transmttance
intensity;” 20 and obtalning a thickness of the VA liquid crystal by
nmeans of the retardation RaAan ; i fi matedst v 1iipsexiao and
an extraordinary rg‘flr%éﬁ \}(asalgg%g%%gq{ﬁﬁ?%gy%@ﬁ%ua{rg crystal. 02 MAY
2003 - 16 2. The,nmethod o ' he I f ld flUi Wle RSt al
sealed in a p%fl'l-eﬁh cé@g%%éug‘éacﬁyﬁ%gi,l'mﬁggeicn ﬁgg}e?gyg’atc%%hmgei S
obt ained by msasuriicpg tratnésid ftan

liqu rys is se ea].ong 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 #llustrates the index ellipsoid of the VA
liquid crystal being tilted by an angle of 6 . The
20 z-axisdenotesthecrystalaxiscﬁftheVAliquidcrystal,
and the z’-axis denotes the traveling direction of the
light. The z’-axis and the z-axis form an angle o.

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

which the part is hatched. A refractive index nc



intensity in a parallel nicol condition and that in a 5 cross nicol

"~ condition separately. 3. The nethod of neasuring the cell gap of a VA
liquid crystal sealed in a panel according to claim1, wherein the
t hi ckness of the VA liquid crystal isygbtained throquztw s# s of . 10
(a) calculating a refractive index na of an extraordi nar X)b @Sue beam
within the VA liquid crystal based on an ordinary refractive index no and
an extraor,di na fractive index ne of the VA liquid crystal; 15 (b)
cal cul ati ng*s+ f%‘gleegée bhapidneey sl ref raclight heamnyhgsg ¢ he
refractive index no of an ordinary beamw thin the VAliquid crystal; (c)
di vi di ng 3Pkt BAgaiFohnEine dheeatipareficch@xsaxis ¢ ¢ hdtdightan opti cal
path length dl within the VA liquid crystal; and 02 MAY 2003 - m (d)
convertingeamr bptheneipatfitdempfedtednto ascehée ‘gapta@orakimgry ef racti on
of the light at an interface between air and the VA liquid crystal into
account. ZobAidae GR{wr) easebuiid® £8bh ¥R HoP1¥ihiqquid crystal
sealed in a panel conprising . . a light source; (1)~ a polarizes for
ext r acty nge@ugpigqupol ari zed conmponent fromlight of the light source; 10
(2) optical "axis setting neans capable of directing the [ight of the

pol ari zes such that the,l ig}]it i ngi dent, obl.i quely,on an optical axis of

[
the VA liquid cryStal npaHRl ?Q?C%ﬁ 1} Bt lexiract {hYy a specific, 15
pol ari zed conponent of .the |ight that has passed through the VA liquid
crystal panel; (4§3BWRidifs tERixRErastiveadnde e fanshighinbeamtensity
of the anal yzer; and , 02 MAY 2003 - is (5) a data processor for
det er ni ni nYPeSCpRRIat FoACRLEf in Hh /A ivegtdonr 9§t hhepynaxisadsdheon t he
transmttance intensity so as to obtain a thickness of the VA liquid
crystal byldSdisbsan s berainaftesnr®fendedate a8 theof drdanpmefracti ve
i ndex no and an extraordinary refractive index ne of the VA liquid crystal;
5. Thel@evbean’cy heashei agmehascéhe gapliaiany VinHequind ofysthed Wealed in a
panel according to claim4, 10 wherein the optical axis setting means
conpri ses ariduwid i ekgg tradchani sm capabl e of changi ng an angl e between the
—optical axis and the VA liquid crystal panel. 6. The device for neasuring

the cell gap of Ac¥dridihyay,da divstétenaBelr 93 ed vt 8660IHHag to claim
5, wherein the inclining nechani smchanges inclination of the optical axis.

7. The devimetdeenneasiid rgihleyCdaapnafl tieVAAd Mbddsnugtal sealed in a
panel according to claimb,
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>o0.
With ne and no of the VA liquid crys.tal 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 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.



20 wherein the inclining nechani smchanges inclination of the VA liquid
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a] c
a] ca] ca] capaa]sc&]lnac]lmg]lcabea]lm]ldajuix] catfsthdalicaexplepiméh taliy<)[) _))) *2

*QFrXE**46+s+++ B, N, -)-R---* }xsm d Z]]ca] cal ca]ca]calcalcaJca]c

a] ca] caf callealeral tebaahaal e ¢ € £8d Gt 68 68beah 93l galecal caj cal:
AN &/ 000200000017 nﬂ1128222d2h2223< | wmhc”Y] ca] ca] ca] ca] ca] ca]

i’ 215 ool calanl @4445% 53616" 'Z%é%%?‘%%ﬁéaébe%%ﬁgi’%%fav} cav] e

Tl a] et R E R £0b I FhESKACH I8 S8 aL AT ahEY TS on
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%
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| <lollJ!J-J33J wrlgb] X]]ca]calcalc aUc a{ed]cajc aJc
ajcalc bca] ca ca ca ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] c
a] ca! o@ thpydata processor 19 converts the

I <lollJ!J-J3JJ" MLM MNNNO|er gh] X]]ca]ca]calc aUc a]JcaJca]c aJc

a] ca] ca] ca] R} c‘aPéa]R?a']'éa}G&]gGA] cinédpea]tdrg CeA chfiqajicheystalca] ca] ca
Da} aBF3m 10% U& () - S3510% U&! (Ug Fril0% U& ()- 10% U& ()- 10%

U& ()-!1 ylobFFR #)cedllxgBRosoURY( neanss Of the ldahkaoas: (3) ayete% U ()-3
10% U&! () 10% U& () -xdE9 10% U& ()-S,/ 10% U& ()- +10% U& ()- F10%

U& ()-,$ 10%hus,(theo0oell 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 6 is tilted with respect to the y-axis being the center.
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5 is tilted by 45°

L<10% U&' ()-:,/ m0%

clockwise with respect to the 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 inténsity 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 g (7)

In the cross nicol condition, the transmittance .

intensity Tc is represented by
Tc=sin?f (8)
20 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
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imited to the above mentloned embodiment. Instead of

the combination of the light source 11 and the
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 specﬁroscoping 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 optiéal

axis is preliminarily tilted at a fixed angle.

[Example]

25 Wlth respect to a VA liquid crystal panel (with
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10%& () - 4100adgpl ly+Basied fdidaC2E0Mt® 4.55310%€510i4% a relation

between retardation R and wavelength A. The obtained

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 do0 slightly

fluctuates according to the incident angle Ovarying

“from 25° to 45° . However, the value is almost

constantly in the vicinity of 3.5um. 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 8 by the method of

measuring a cell gap of a VA liquid crystal panel

according to the present invention.
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1. A method for measuring the cell gap

a vertically aligned (VA)
5 panel, the 1liquid crystal having a

property whose optical axis is in

perpendicular to the surface of the 1liquid
panel, comprising the steps of :

(1) extracting a fixed,

10 - light of a light source;

109& ()-Y

1098 ()-f  10%& () -

(thickness) of
liquid crystal sealed in a
birefringence
a direction

crystal

polarized component from

(2) directing the light of the polarized component

to the VA 1liquid crystal such that the 1light is

incident obliquely on an optical axis of

liquid crystal panel;

15 (3) measuring transmittance intensity

the VA

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 liquid

crystal panel based on the transmittance intensity;

20 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 retardation R is obtained by measuring transmittance

intensity in a parallel nicol condition and that in a

cross nicol condition separately.

3. The method of measuring the cell gap of a VA liquid
crystal sealed in a panel according to claim 1, wherein
the thickness of the VA 1liquid crystal .is obtained
through 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 Dbetween the
refractive index na and the refractive index no of
an ordinary beam within the VA liquid crystél;
(c) dividing the retardation R by the difference
An so as to obtain an optical path length dl within

the VA liquid crystal; and

8888+9dEbC 10M o VY, /! 10%& ()-4
+9<9D9H999999} A SH=
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(d) converting the optical path length dl into a
cell gap dO taking refraction of the light at an
interface between air and the VA liquid crystal

into account.

5 4. A device for measuring the cell gap of a VA liquid
crystal sealed in a panel comprising :
a light source;
(1) a polarizer for extracting a fixed polarized
compoﬁent from light of the light source;

10 (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,

15 polarized component of the light 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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5 retardation R and data of an ordinary refractive

index no and an extraordinary refractive index ne

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,
10 wherein the optical axis setting means comprises an
inclining mechanism capable of changing an angle

between the optical axis and the VA liquid crystal

panel.

6. The device for measuring the cell gap of a VA
15 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,

20 wherein the inclining mechanism changes inclination of

the VA liquid crystal panel.



