1 TITLE OF THE | NVENTI ON LI GHT ADJUSTER AND LAM NATED GLASS 5 BACKGROUND
OF THE INVENTION Field of the Invention The present invention relates to a
light adjuster having a liquid crystal nmaterial therein, and a | anm nated
10 glass containing the light adjuster, and in particular relates to a |ight
adj uster that enables visual field control, and a | am nated gl ass
containing the light adjuster. 15 Description of the Rel ated Art Hitherto,
el ectrochrom c devices (hereinafter referred to as "EC devices") have been
known as devices such as light adjusters having a |ight adjusting

capability of enabling the trangggi%%¥%%¥iﬁgjﬁggiﬁﬂgﬁy 20 adj usted
(hereinafter referred to as "li i ng evices') . Such an EC device
is, for exanple, made from a material that undergoes a spectral change upon

an el ectrochem cal redox IRagt iHHuSHE BH TUMESIEEPHIGELr  prussi an
bl ue, and controls the anmount O#X|Ight 25 transmtted by absorbing light.

However, because such an EC device is current driven, if the EC device is

made to haye a |arge area, tgggKQBbgggeQthﬁgggﬁgEgplgnises, the response
speed drops narkedly, and degradation of constituent materials due to
el ectrochem cal changes and 30 so on occurs during prolonged passing of a

current; such rpaB1BCodevheerhhugatcgnanot be used as a light adjuster that 1is
required to be duraple

Gevi ces have thus bOGR BEBARE. FTURECaaPUSELREor nEp cadl bFhE 8o ashebur rent
driven EC devi ﬁesnnﬁoa exgupbecripenali falercuivihenean, abhgnedl pindaset EAICAP)
liquid Cr¥ﬁ5a' gs containing the light adjuster, and in particular
relates to a light adjuster that enables visual field
control, and a laminated glass containing the light

adjuster.

15 Description of the Related Art
Hitherto, electrochromic devices (hereinafter

referred to as “EC devices”) have been known as devices
such as light adjusters having a light adjusting
capability of enabling the transmissivity to be freely

20 adjusted (hereinafter referred to as “light adjusting
devices”). Such an EC device is, for example, made from
a material that undergoes a spectral change upon an
electrochemical redox reaction, such as tungsten oxide or
prussian blue, and controls the amount of light

25 transmitted by absorbing light. However, because such an
EC device is current driven, if the EC device is made to
have a large area, then a large voltage drop arises, the
response speed drops markedly, and degradation of
constituent materials due to electrochemical changes and

30 so on occurs during prolonged passing of a current; such
an EC device thus cannot be used as a light adjuster that
is required to be durable.

In recent years, voltage driven light adjusting

devices have thus been used as light adjusters instead of

35 such current driven EC devices. For example, nematic



adj usters are known as such voltage driven |light adjusting devices. Such a
nematic liquid crystal light adjuster is nade froma |iquid crystal
material, and has 5 excellent durability, and can easily be made to have a

| arge area (see Published Japanese Translation of PCT Application (Kohyo)
No. S58-501631). In general, such a light adjuster is conprised of a Iliquid
crystal layer having a light adjusting function in 10 which a plurality of
voids are filled with liquid crystals, and2a pair of PET filnms that sandw ch
the liquid crystal layer therebetmeen; transparent electrically conductive

films are prov P bonded
to the 15 quu{:‘gleglppné %g%?ﬁ §530F¥%§§ |§TL ﬁi#n§r§$%§?h%9g$?qU|d

crystal |ayer ¥f#us ESp®I¢ bﬁowmam%péﬁ%htvobté@%r@éhY?? ebddbictive fil ms.

The liquid cry§a§ust§ﬂ§rdetf§cé9r e H @rterneatslp@rleir&mpplaﬁrzgpgtatl Imdraving a
plurality of v0| herein, and_each void is filled with stal s

so as to form®& FP%E?H %?y%%%? Eﬁ%%u?ellq%&ﬁo?HYﬁBatoméﬁﬁﬁl%ll|@hg %ﬂ%uster
when a vol tsageex&s1 n@ht b@uﬁgbﬁppty;edan@h@ahlQusdlyruétﬁhdaot@cuheé hine

along the curved wall surfaces_of_the l|iquid cr apsul es are thus
not arranged af%h%ethEeﬂl %%?l%hb%BhB?dt %9@?36¥ i?%ﬂ%ﬁ?gtgﬂ ?Fgﬁeg

transm tted thrpphcédbeon! (Rohdorryst ab58apsubes) . the optlcal path of the
transmtted |ight thus neanders around§%$%€ |nC|d S ered at

boundary | ayers betWeeR ¥Rt qtia" r %%b%ﬁ %E éﬁd ?%%rb%?é Film
and hence the BoqhiqucdystysthhyéaybavbegoaeklghbudgjuéhlngefonhELOhahd

when a volitage ppl ligqu y I u p al ong the
dlrectlon]é? th h§cﬁegt#?gr?§ bﬁ b%ﬁgéd§£g Eﬂngﬁh&?§? hia&hﬁe to the
l'iquid crystal criayetsbeéngd maplelrrom BEFafétnal thathsehdvichetbedi nary 35

refractive index 4940f - LBeahi 94,8y CEY St B PRLERY! BSansparent

electrically conductive films are provided on facing
surfaces of the PET films so as to be bonded to the

15 1liquid crystal layer, and a voltage is applied to the
liquid crystal layer via this pair of transparent
electrically conductive films. The liquid crystal layer
is formed of a transparent polymer film having a
plurality of voids therein, and each void is filled with

20 liquid crystals so as to form a liquid crystal capsule.

According to such a light adjuster, when a voltage

is not being applied, the liquid crystal molecules line
up along the curved wall surfaces of the liquid crystal
capsules, and are thus not arranged along the direction

25 of travel of transmitted light transmitted through the
liquid crystal capsules; the optical path of the
transmitted light thus meanders around, and incident
light is scattered at boundary layers between the liquid
crystal capsules and the polymer film, and hence the

30 liquid crystal layer becomes cloudy. On the other hand,
when a voltage is applied, the liquid crystal molecules
line up along the direction of the electric field
produced, and at this time, due to the liquid crystal
layer being made from a material such that the ordinary

35 refractive index n, of the liquid crystal molecules



3 matches the refractive index np of the polynmer film it becones such

t hat boundary | ayers between the liquid crystal capsules and the pol yner
filmdo not exist optically, and hence transmtted |ight incident on the 5
liquid crystal |ayer can be transmtted unhi ndered, whereby the liquid
crystal |ayer becones transparent. Due to the above principle, the |ight
adjuster has a visual field controlling capability of shutting off the
visual field through scattering of incidenB |ight when a 10 voltage is not
bei ng applied, and securing the visual field through allow ng incident

light to be transphLtedy UPQEP%%E;Q?V"QE%Q Mol d £gehd Sodejrilr appin edit Due to

this visual fle?g contro ty, stch a light adjuster is suitable
for use as a pREEPREBNSUEE Bhatheopparyi tR¥FPTrEl BREWEEN RhehdlflBith of a

| ani nat ed glaser§eegmne95§u@egweﬁa ehelgbaymby ¢fi 16l assnpkatesst Here, a
smal | degree of Scattering remaining in transgarent state |steferred

to as "haze". PRERE2ALE/ aéﬁaH8§CFo réaéﬁlétﬁﬁgﬁﬂg §j d8FeFeR5t °Bnfdet o have
hi gh 20 Shi£|dHQQu§EIEk9¥tﬂ@ema et appl pengranvalitagd, uandnterba, able to

t dri t [t b I t
Feduse. the haztaRERY BBl JFAIS CarEhge LRUPEnBFAOFES FRoPRE2EaS6 that such
a light adjuster |9uused themahdom/gkaﬁ81pﬂebuthélmgghoraaﬁuaueonhbbles,
b h d I ddi.t duci th
naze. when appl T4 Gort dgeonCERer end, EaRREd AL Tands TOr tERE debeldEnce of
t he haze on t~esueéwifnglangheotighbechowerlingi sfknowidehat liibbtdependence of
t he haze th%ol%gg%'gé‘HgtaBQEﬁgWQSplﬁeﬂ'ybﬂg ge%gkaﬁgetﬂglggﬁﬁaﬁlnUSOIdal

power source can urd cryst
bi refringence (hedd fatpeghr eﬂépwedgt @nesdehAn'l)Lq@:teeOJ b?gaﬁeeesmaitQEdpen

Patent Publi cayhel n{KeKAl hhen a voltage is being applied.
Due to this visual field controlling capability,

such a light adjuster is suitable for use as a partition
15 or the like either alone or in the form of a laminated
glass sandwiched between a plurality of glass plates.
Here, a small degree of scattering remaining in the
transparent state is referred to as “haze”. There are
demands for such a light adjuster not only to have high
20 shielding ability when not applying a voltage, and to be
able to carry out driving with a low voltage when
applying a voltage, but also to reduce the haze when
applying a voltage. Furthermore, in the case that such a
light adjuster is used in window glass of buildings or
25 automobiles, because such window glass has a large area,
in addition to reducing the haze when applying a voltage,
there are also demands for the dependence of the haze on
the viewing angle to be low.
It is known that the dependence of the haze on the
30 viewing angle when applying a voltage using a sinusoidal
power source can be reduced by using liquid crystals
having a low birefringence (hereinafter referred to as
“An”) (see Japanese Laid-open Patent Publication (Kokai)
No. H03-116019).
35 By using liquid crystals having low An, the



No. HO03-116019). 35 By using liquid crystals having |ow An, the 4

dependence of the haze on the view ng angle when applying a voltage is thus
i nproved, but the shielding ability when not applying a voltage tends to
drop. In this case, it is necessary to make the filmthickness (the
thickness 5 of the liquid crystal layer) higher so as to conpensate for the
drop in the shielding ability when not applying a voltage. However, there
is a problemthat if the film thickness ig nade higher, then the driving
vol tage and the haze when applying a voItage are increased. 10 SUNMARY OF
THE I NVENTION It is an Obj of . the pre tlon to vid i_ght
adj uster and aq ﬁPﬁ&P&& 8 ge gééSrgan Fovigwwﬂgcﬁngng %@%@n&%ﬁbg 0P the
haze on the vi ewvog taggl és Whﬂﬂ applypived, abutl tage sbar lbéngedbdéd,tyand hi gh
shi el ding abili y|n It deivi Wi w t age
when appl yi ng 5&%% gge%ggl duceaﬁtég %wﬁds ko Fggﬁg aigoﬁ?ggec%gé
realized. 20 TataUﬁam@CEh@aaUOWQ mbkecthelﬁlamfthspka§p§cttbﬁ ﬁhéCkmﬁ§§ent
invention, therg i nq ht t I SisNg o2 oGl rystal

| yer having & l}?laef’.lti: B et AaYery, R geR TPl B s Go Berae el ad
with a liqui d Analthea spaied dénds abstlrlaﬁ'esfhtenapoi% apRAGANGh at he

liquid crystal doqycear d.hefghetupencnate| £asy ppo81oh thersubsthat esiheing
t ransparent, and transparent el ectrically conductive filns provlded on

respective fadifgk@stadss vgdet hd 958kt ﬁ@sthﬁh@Féﬁnnﬁhgqnﬁﬁﬁ%ja yst al
mat eri al has atﬂki@ﬁﬁkﬂg@ﬁ%Ea@%lWﬁn@ rmange tale3@r@. 1AcaxeARed.0. 08, a product
of a dianeag D of a sphere aving a sane volune as a volune of each of
the voids, ““the dianeter D1 being cal culated fromthe volunme of the

I T

It is an object of the present invention to provide
a light adjuster and a laminated glass, according to

15 which the dependence of the haze on the viewing angle
when applying a voltage can be reduced, and high
shielding ability when not applying a voltage, driving
with a low voltage when applying a voltage, and reduced
haze when applying a voltage can be realized.

20 To attain the above object, in a first aspect of the
present invention, there is provided a light adjuster
comprising a liquid crystal layer having a plurality of
voids therein, each of the voids being filled with a
liquid crystal material, a pair of substrates that

25 sandwich the liquid crystal layer therebetween, at least
one of the substrates being transparent, and transparent
electrically conductive films provided on respective
facing surfaces of the substrates, wherein the liquid
crystal material has a birefringence An in a range of

30 0.12 = An = 0.08, a product of a diameter D1 of a sphere
having a same volume as a volume of each of the voids,
the diameter D1 being calculated from the volume of the
void, and the birefringence An is in a range of 0.55um =
AnxDl1 = 0.45pm, and in a distribution of sample values of

35 the diameter D1, if a total number of the sample values



void, and the birefringence Anis in a range of 0.55ma AnxD a 0.45m and
in a distribution of sanple values of 35 the dianmeter DI, if a total nunber
of the sanple values 5 corresponds to 100% a ratio D3/D2 of a dianeter D3
of a sanple value corresponding to 90% which a cunul ative value of nunbers
of sanpl e values counted froma mninum value of the sanple val ues reaches,
to a dianeter D2 of a 5 sanple value corresponding to 10% whi ch the

cunmul ative value reaches satisfies 2.5xD sa D3/ D2. To attain the above
object, in a second aspect of the present invention, there is provided a

| am nated gl as risi.ng _a.light _adj e rising. Lgui 4-.1Q.crysta
| ayer havi ng acé %%g PPySo OV%P §’tﬁeg5¥§% 332§5p8? ?hglggkgggbg?ngffglled
with a |liquid capptlel vabuer calryresgopadiingotosdbét whties thatumsaadwveh t he

liquid crystal ;. haver ¢t fgrehetween., glbeéﬁﬁuggecehnkge ?Epﬁtéahﬁﬁigﬁgng
transparent, and transparent electrically conductive 15 filnms provided on
respective facivagusupffaths obmpRe vedbssr geeshewnetei B dhamptgti B2cpfstal

material has ashighef KhAgence AR shdndihdnge 9030which PRelclnl8atdvepr oduct
of a dianmeter D of a sphere having a sanme volunme as a volune of each of

the voids, the V@laete€rcheshépigsidesaled Bied PPORPt he vol ume of the void,

and the birefringeneeafMiaiis ithedabdR@e oBficBP5MhaaABXbbna BsféBt o@nd in a
di stribution of sanple val yes of the dianeter tgtal nunber of the

sanpl e val ues &&fr 8LFSRAS ﬂ&ve?GGQP'atP&F@o?Bngévabggaéi ABLBRALEE of a
sanpl e val ue 2%le@s esp@idisnagt @ 9GYnthiaeh us tewmebabirieivgl veleotuadmbers of
serple vel pgs counted froma, maLmm value ol (s (Soblepuelyge peaghes, o
val ue reaches ofatthef ived d2. bxBnga f23/1B48 w3GhAecdridiuid teyshelpmesental,
I nvention, thea!E%HEdof substrates that sandwich the liquid crystal
layer therebetween, at least one of the substrates being
transparent, and transparent electrically conductive
15 films provided on respective facing surfaces of the
substrates, wherein the liquid crystal material has a
birefringence An in a range of 0.12 = An = 0.08, a
product of a diameter D1 of a sphere having a same volume
as a volume of each of the voids, the diameter D1 being
20 calculated from the volume of the void, and the
birefringence An is in a range of 0.55um = AnxDl1 = 0.45um,
and in a distribution of sample values of the diameter DI,
if a total number of the sample values corresponds to
100%, a ratio D3/D2 of a diameter D3 of a sample value
25 corresponding to 90% which a cumulative value of numbers
of sample values counted from a minimum value of the
sample values reaches, to a diameter D2 of a sample value
corresponding to 10% which the cumulative value reaches
satisfies 2.5xD1 = D3/D2.
30 According to the present invention, the liquid
crystal material has a birefringence An in a range of
0.12 = An = 0.08, the product of the diameter D1 of a
sphere having the same volume as the volume of each of
the voids and the birefringence An is in a range of

35 0.55pum = AnxD1l = 0.45pum, and, in a distribution of sample



crystal material has a birefringence An in a range of 0.12 a An a 0.08, the
product of the dianmeter DI of a sphere having the sane volune as the vol une
of each of the voids and the birefringence An is in a range of 35 0.55m a
AnxDl a 0.45m and, in a distribution of sanple 6 values of the dianeter

D, if the total nunber of the sanple values corresponds to 100% the ratio
D3/ D2 of the diameter D3 of a sanple value corresponding to 90% which the
currul ati ve val ue of nunbers of sanple valugs counted 5 fromthe mnimum

val ue of the sanple values reaches, to the dianeter D2 of a sanple val ue

correspondi ng % Leh 1k lativecv e.r h i st 2.5xDl z
D3/ D2. As a re&%ﬂ#gstRghgéﬁeﬁggﬁggggfBﬁhegﬁagégoﬁogag %@méggw?%gﬁgﬁgle when
appl yi ng a vol sagpleanabeesedacedspands hpghO8ki ettiengaibiol PByDiahed hbe

appl ying a vol r Gyl i o] t YiRgdodsvaht age, and
reduced haze wﬁ%%ﬁgggg P%ggg é%%??@égcgﬁyg% ?ggf%ggg?agﬁg Ego3ggaﬁ Eggher
obj ects, featuiths candlasizegviatagesfopuihersneéncirdRli Ve lbesorpunbee

apparent fgomebhe okl Quhagudetahliedodesari Bhindh ol 348M s re@@RYNCELON Wi th
t he acconpanyin dramnngs. BRI EF DESCRI PTI ON_.OF THE DRAW NGS 20 FIG 1is a
sectional viewthe gdipmgheralfusfer sarbéPdVAdUEo CRATEFPORTABAL tof 1PRe

present inventiw®AchFkée 2uhsiathibewshane ekaahpkoeass sffaesmanakacturing the
I'ight adjusterﬁgp FIG 1; and 25 FIG 3 is a graph showing a distribution of

val ues of di aPeY&¢s of spheres having the sane volunes as the volunmes of
respective correspondi agreeuds,i Aha Hegehdeneeystalthkajarze 30 BEEAI LED

DESCR'PT'CNJOF&E@%iﬁ@Eﬁﬁgﬁngﬁgﬁcgkgﬁylﬁg a voltage can be reduced, and
high shielding ability when not applying a voltage,
driving with a low voltage when applying a voltage, and
reduced haze when applying a voltage can be realized.

The above and other objects, features, and
15 advantages of the invention will become more apparent
from the following detailed description taken in

conjunction with the accompanying drawings.

F _DE PT F T N
20
FIG. 1 is a sectional view of a light adjuster
according to an embodiment of the present invention;
FIG. 2 is a flowchart of a process for manufacturing
the light adjuster of FIG. 1; and
25 FIG. 3 is a graph showing a distribution of wvalues
of diameters of spheres having the same volumes as the
volumes of respective corresponding voids in a liquid
crystal layer.

30 A D I E D

The present invention will now be described with
reference to the drawings showing a preferred embodiment
thereof.

35 First, a description will be given of the approach



The present invention will now be described with reference to the draw ngs
showi ng a preferred enbodi nent thereof. 35 First, a description will be

gi ven of the approach 7 to setting An of liquid crystals in the present
invention, a dianeter DI of a sphere having the sane volune as the vol une
of each of voids in a liquid crystal layer, the dianeter D being

cal cul ated or converted fromthe volunme 5 of the void (hereinafter referred
to as the "capsule dianmeter"”),and a capsulre di aneter ratio, described

bel ow. Values of the dianeters (converted dianmeter D) of spheres each

having the samg_ v sabhg svek o] resp i ds in
the liquid crggtagggggn% A %grg gﬁ??rﬁgg gqgsgghg%% ?Qegggf nk%%&}%h
pl otted such tkRatdipnethes @ﬂspﬁlbuﬁpbﬁréfhgaﬁpgetVQI§é@eoﬁoﬂﬁ@edﬁ§n§h§r Di

if the total nygheneohrt e chape! %\i@'sus%a aCQEﬁﬁieo@Q'?sttﬁllqg%rt hepndi amet er
of a sample value corresponding to Yo whi ch "a cumul’ative val ue of nunbers

15 of sanple vQPG@@tééu@ﬂe@eﬂpénpﬁﬁéu%?ﬁﬁﬁuﬁﬁs&ﬁﬁW@r&&ﬁuéroﬂe§@ﬁe§oﬁ§me

indicated by D2r and theqdi@eRtehadhted $aFRIRcdvabuascehkespapdiung to 90%
whi ch the cunulatlve val ue reaches iis indicated by D3. The ratio of t he

di anet er t dlepetaranersd BSCFQSPéﬁePFéHeFSra§ A& de5SEeedo PailaNet er

ratio". | n gener al , vaheepr @Iﬁethbeﬁiléﬁélﬂbt’rsd (banpémtedcalefneaerl Dght o&dj ust er
used in mﬁndOM/ ass or t e like S a VISIbI|Ity8gV% h |nd|cates t he

shi el di ng abi | °F cr&S e&& CPPBAR S GwS3BE K6t &t

ahaze
when 25 appl yi g raegplohaldegobnrob fmahe Nbad51&%>ther&;thd cmw$mbﬂlity (V)

is an |ndef0thq; %%a%E't%H%%?H% &%%r%%egkgwgtq% %Q|elglngF?gll?t¥ when not
applying a vol t age, can be determ ned by arrandi ng a I'if ght source,
screen, the Im@nttadjuymérthamln@ tthe digtirdbutysmnalod tshawdienvalues of
the diameter D1, if the total number of the sample values
corresponds to 100%, the diameter of a sample value
corresponding to 10% which a cumulative value of numbers
15 of sample values counted from the minimum sample value
reaches is indicated by D2, and the diameter of a sample
value corresponding to 90% which the cumulative value
reaches is indicated by D3. The ratio of the diameter D2
to the diameter D3 is referred to as the “capsule
20 diameter ratio”.
In general, the properties required in practice of a
light adjuster used in window glass or the like are a
visibility (V), which indicates the shielding ability, as
described below, of not more than 0.1, and a haze when
25 applying a voltage of not more than 10%. Here, the
visibility (V) is an index that quantitatively represents
the shielding ability when not applying a voltage, and
can be determined by arranging a light source, a screen,
the light adjuster having the liquid crystals therein,
30 and a spectral luminance meter in this order on the same
optical axis, measuring white stripe luminance (I,) and
black stripe luminance (I,) at a wavelength of 700nm of a
zebra pattern on the screen illuminated by the light
source using the spectral luminance meter via the light

35 adjuster, and then using undermentioned equation (1).



30 and a spectral lum nance neter in this order on the sane optical axis,
nmeasuring white stripe lumnance (l1.) and black stripe lumnance (lIb) at a
wavel engt h of 700nm of a zebra pattern on the screen illum nated by the

| ight source using the spectral |um nance neter via the |ight 35 adjuster,
and then using undernentioned equation (1). 8 Visibility (V) _ (Iwlb) /
(IWIb) ... (1) Mreover, the haze can be neasured using a haze neter (e.g.
a "Suga Haze Meter" made by Suga Test Insgrunents Co., Ltd.). The haze can
be determ ned using 5 undernentioned equation (2) fron1the rel ati onship

between total transms é{ﬁ&ﬂT%% g:\y\,hl_gh {§It?Féf§H' égpe anount of
ngl es 0 °th i

transmtted |light over a } Vi ew fanmdunt’ i nci dent I|ight,
and parall el transnilgs¢éovey, th@%hamwn@@m|@etm@a$@re@ viindiea adhduat of

transmtted 1OmEt8?t Qa?algek§ ? tﬁgzé QQPbrhhagtb9OSE8§ agpunt of

incident |ight. , as described earlier, by

using |iquid cﬁ?§téﬂ§enhév‘?ﬁgr I%WiAh tHee ke Wiheh RpRiSierRnedUsgd i s 15

reduced; ifg Anuh@th@ﬁE%néBaB QatZont hen subhi chentbyatheWshagepkswbeh
obtai ned. On the ot her ? An is low, then the shlelduﬁg ab|I|ty when

not appl yi ng at0§éﬂt5§én§W65§1VFBY ekanpiich g fhe |TRfeho t t hen

even if this lSm@@ﬂblBedtﬁhhbmﬁtﬁﬁﬁt@D?BtC@@§H|slzovﬂéﬁﬂﬁgeén szC@65U|e
ise, and s ent

dianeter ratio, the visibilit
ChoaTarng abi P apprRkogt bhchitarnbiunhn ShatRer Ll LRy ebAPE Rty ¢ nus
be in a range( i ) 0. W8 d1o i the Mortgiovesf, tdHweramexitstof armfsmftttehe capsul e

dlameter A2, RybpESakh £20RHL ol SHELSLL 00l OB Rl grrRRpoRdl o o
when not appl yiingideuol fagetbecones
Haze = (T.~T,) /T, .. (2)
Here, as described earlier, by using liquid crystals
having low An, the haze when applying a voltage 1is
15 reduced; if An is greater than 0.12, then sufficiently
low haze is not obtained. On the other hand, if An is
low, then the shielding ability when not applying a
voltage drops. For example, if An is lower than 0.08,
then even if this is combined with a suitable capsule
20 diameter and capsule diameter ratio, the visibility (V)
will rise, and sufficiently high shielding ability will
not be obtained. An of the liquid crystals must thus be
in a range of 0.08 to 0.12.
Moreover, there exist ranges of the capsule diameter
25 (D1) and the capsule diameter ratio (D3/D2) corresponding
to this range of An of the liquid crystals for which the
shielding ability when not applying a voltage becomes
highest.
First, regarding the capsule diameter, the product
300 AnxD1 of An and the capsule diameter (D1) must be in the
range represented by undermentioned equation (3).
0.55 =2 AnxD1 = 0.45 .. (3)
Here, taking An to be fixed, if 0.45> AnxDl1l, then
the capsule diameter in this range is lower than the

35 capsule diameter satisfying the equation (3), and in this



hi ghest. First, regarding the capsule dianmeter, the produ
and the capsule dianeter (Dl1) nust be in the range repre
under nenti oned equation (3). 0.55 a AnxDl a 0.45 ... (3)
be fixed, if 0.45> AnxDl, then the capsule dianeter int
than the 35 capsul e dianeter satisfying the equation (3),
case the anmount of scattering will increase acconpanying
t he capsul e di aneter, whereby the mean transmssivity in
will drop, but on the other hand the visibility (V) wll
diffraction of .LiLgh n o] {0

ool o2 apnatns B SPHFLEPOh KERL IncPPRsq

t he shi el di ng ity en no I'ng

ct 30 AnxDl of An
sented by
Here, taking An to
his range is | ower
and inthis 9
the reduction in
the visible region
i ncrease due to 5

R OBrRL TR

AnxDl > 0.55, thenredectapsulie thanmsepsulendianetenngeh¢selgy eblhermesdan the

capsul e di?”Et%Eaﬂ9m§§55§i¥§”9ntEHeegyéiBPQ (3yioRNFLLD &
of scattering wll decrease acconpanylnglthe I hcrease in
di anet er, wher B¢ PRBeyi BaBAl the VIFIRLLLLYi A¥t eWsel BREr
shiel ding abi| giy¥rwaenipat orapphMtngnacMel 1888 whib18h9Ph
by making the fil mthickness_higher, _the,V|S|blIlt¥ (

vol tage can belePefuBedimanaliiehbs FRéCLHIRIARRY ALY VR

but the haze whemoappb¥i fg1a ¥ebpage will be increased,

P&%/C@ﬁg the anount
the capsul e

fepeedagald the

m%égi@n?iéﬂﬁ{ case,
en not_a ying a

c%ﬂtb@pPﬁﬁfgged,

and hence the

performance required of the ligh juster__20 will _not be optalned. Here,
& hrdfit S L

the performance requPF8aVEF-th
t he capsul e di aneteds( bhhgeatd theatapsthendtheetepsuati @
undernEntif@edsgggg%§ggg(%%é %au%t§égl(§)P3éEg ih'tﬂfg ca
of scattering will decrease accompanying th
the capsule diameter, whereby the visibilit
increase, and hence again the shielding abi

applying a voltage will drop.

erthely Hihi R TH ThEckse that

iem3t&2) satisfy
se the amount

e increase in

y (V) will

lity when not

15 In either case, by making the film thickness higher,

the visibility (V) when not applying a volt

age can be

reduced, and hence the shielding ability can be improved,

but the haze when applying a voltage will b
and hence the performance required of the 1
20 will not be obtained.
Here, the performance required of the
is achieved in the case that the capsule di
and the capsule diameter ratio (D3/D2) sati
undermentioned equation (4).
25 2.5xD1l = D3/D2 .. (4)
In the case that the capsule diameter

e increased,

ight adjuster
light adjuster

ameter (D1)

sfy

ratio (D3/D2)

is greater than 2.5xD1, i.e. the capsule diameter ratio

(D3/D2) is broader than the capsule diamete

r ratio

satisfying equation (4), in general the proportion of

30 large capsule diameters (Dl1) will increase,
there will be hardly any scattering in the
and thus the visibility (V) will increase,
shielding ability when not applying a volta
In this case, the visibility (V) can be red

35 hence the shielding ability can be improved

and hence
visible region,
and hence the
ge will drop.
uced, and

, by reducing



In the case that the capsule dianmeter ratio (D3/D2) is greater than 2.5xD ,
i.e. the capsule dianeter ratio (D3/D2) is broader than the capsule
dianeter ratio satisfying equation (4), in general the proportion of 30

| arge capsule dianeters (D) will increase, and hence there will be hardly
any scattering in the visible region, and thus the visibility (V) wll

i ncrease, and hence the shielding ability when not applying a voltage wll
drop. In this case, the visibility (V) camp be reduced, and 35 hence the
shielding ability can be inproved, by reducing 10 the capsule dianmeter (D)
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vol tage. FIG Hhaikeraasenbiv9ngl 1¥vewn0fng Likghy adsustebleleompeeRbding to an
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transparent e'%%&rkﬁ%hlXp%??gﬂgtgvgoltage, with no impairment of the
shielding ability when not applying a voltage.
FIG. 1 is a sectional view of a light adjuster
15 according to an embodiment of the present invention.
In FIG. 1, the light adjuster 100 is comprised of a
liquid crystal layer 104 comprised of a transparent
polymer film 101 made of a latex having a plurality of
voids therein and liquid crystal capsules 103 formed
20 through the voids being filled with nematic liquid
crystalline rod-like molecules 102, a pair of PET films
105a and 105b that sandwich the liquid crystal layer 104
therebetween, and transparent electrically conductive
films 106a and 106b that are provided on respective
25 facing surfaces of the pair of PET films 105a and 105b;
the pair of transparent electrically conductive films
106a and 106b apply a voltage to the liquid crystal layer
104.
According to this light adjuster 100, when a voltage
30 1is not being applied to the liquid crystal layer 104, the
nematic liquid crystalline rod-like molecules 102 line up
along the curved wall surfaces of the liquid crystal
capsules 103, and are thus not arranged along the
direction of travel of transmitted light transmitted

35 through the liquid crystal capsules 103; the optical path



films 106a and 106b that are provided on respective 25 facing surfaces of
the pair of PET filnms 105a and 105b; the pair of transparent electrically
conductive filns 106a and 106b apply a voltage to the liquid crystal |ayer
104. According to this light adjuster 100, when a voltage 30 is not being
applied to the liquid crystal layer 104, the nematic liquid crystalline
rod-like nolecules 102 line up along the curved wall surfaces of the liquid
crystal capsules 103, and are thus not armanged along the direction of
travel of transmitted light transmtted 35 through the liquid crystal

capsul es 103; the 88t£f§£ﬁﬂ§£9e&11%?% tgﬁu Lr 'éigd?£bﬁﬁ& thug nmeanders
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froma material such 10 that t he ordlnarghrefractlve I ndex n, ihe nenati c

liquid crystal HtABLAoArYFkel mbpéehl 4410 ﬁaP%%%El?h%qué@r%EYFGQ thBEXx np

FT thg p0|yne{rBdLm1l91moiéch§§nEﬁ2 $u?a ﬁbaél@@gnd?éédiﬁ&@tﬁobebﬁeenethe
iquid crysta and .t he 0

optically, andeHEHEElF zﬁgggtPESdFFﬁﬂ ?ﬁae Enthbﬁ gh%e’l Hﬁl fégtal | ayer
104 can be transputitedrysbahdeagdr 1mhebebygtmedé|QUoﬂ erystakibaysnch04
becones trﬁﬁsp%kent Dug Lo, t he gb ve grlnci thegléhé a. ust er 100 has
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and securing tngractive index n, of the polymer film 101, it becomes
such that boundary layers between the liquid crystal
capsules 103 and the polymer film 101 do not exist
15 optically, and hence transmitted light incident on the
liquid crystal layer 104 can be transmitted unhindered,
whereby the liquid crystal layer 104 becomes transparent.
Due to the above principle, the light adjuster 100
has a visual field controlling capability of shutting off
20 the visual field through scattering of incident light
when a voltage is not being applied, and securing the
visual field through allowing incident light to be
transmitted unhindered when a voltage is being applied.
Next, a description will be given of a method of
25 manufacturing the light adjuster 100.
FIG. 2 is a flowchart of a process for manufacturing
the light adjuster 100 of FIG. 1.
In FIG. 2, first, a transparent electrically
conductive film 106a or 106b made of ITO is formed on one
30 surface of each of 175um-thick PET films 105a and 105b
(step S520).
Next, a liquid crystal material and an aqueous phase
are mixed together to prepare an emulsion, and the
prepared emulsion is added to a latex, or else a liquid

35 crystal material and a latex are mixed together directly



visual field through allowng incident Iight to be transmtted unhindered
when a voltage is being applied. Next, a description will be given of a

nmet hod of 25 manufacturing the light adjuster 100. FIG 2 is a flowhart of
a process for manufacturing the light adjuster 100 of FIG 1. In FIG 2,
first, a transparent electrically conductive film 106a or 106b made of |TO
is formed on one 30 surface of each of 175mthick PET filns 105a and 105b
(step S20). Next, a liquid crystal materialp and an aqueous phase are m xed
together to prepare an enmul sion, and the prepared enulsion is added to a
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medium applied is ngEagg%hﬁkéﬁg gS%EEFE%E? ggggl?ﬁ5§F§?t& bg 1fnd the
the emulsion is then added to form a medium (step S22).
The amount added of the crosslinking agent is set, in
correspondence with the amount of solids in the latex, to
be an amount capable of crosslinking all of the latex in
15 terms of solids.

The medium thus formed is then applied onto the
transparent electrically conductive film 106a using a
suitable means such as a knife blade, and the medium
applied is dried, whereby crosslinking of the latex by

20 the crosslinking agent is made to progress, and hence a
liquid crystal layer 104 is formed (step S23).

Next, the PET film 105b is stuck onto the liquid
crystal layer 104 thus formed such that the transparent
electrically conductive film 106b contacts the liquid

25 crystal layer 104 (step S24), thus completing the
manufacturing process.

For the light adjuster 100, utilizing the property
of a liquid crystal material that the haze when applying
a voltage is reduced if An is low, An of the nematic

30 liquid crystalline rod-like molecules 102 is set to be
low. Specifically, if An is greater than 0.12, then
.sufficiently low haze will not be obtained, whereas if An
is too low, then the shielding ability when not applying
a voltage will drop; An of the nematic liquid crystalline

35 rod-like molecules 102 is thus set to 0.08 s An < 0.12.



20 the crosslinking agent is nade to progress, and hence a |iquid crystal
|l ayer 104 is forned (step S23). Next, the PET film 105b is stuck onto the
liquid crystal |layer 104 thus fornmed such that the transparent
electrically conductive film 106b contacts the liquid 25 crystal |ayer 104
(step S24), thus conpleting the manufacturing process. For the |ight

adj uster 100, utilizing the property of a liquid crystal nmaterial that the
haze when applying a voltage is reduced if3 An is low, An of the nenmatic 30
liquid crystalline rod-1ike nolecules 102 is set to be |ow Specifically,
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An and the CapsmkﬁkﬁxﬁﬂE&ﬁbn(Bhk hmohhuSoieEchmtbelh@ wilnangerehks8. 55 a
AnxDl z 0.45. accompanying the increase in the capsule diameter,
whereby the visibility (V) will increase, and hence again
‘the shielding ability when not applying a voltage will
15 drop. With the light adjuster 100, the product AnxDl of
An and the capsule diameter (D1l) is thus set to be in a
range of 0.55 = AnxD1 = 0.45.

Here, taking An to be fixed, if 0.45 > AnxDl, then
this indicates that the capsule diameter is too low,

20 whereas if AnxDl1 > 0.55, then this indicates that the
capsule diameter is too high.

In general, making the film thickness of the liquid
crystal layer 104 higher is effective in reducing the
visibility (V) and thus improving the shielding ability,

25 but if the film thickness of the liquid crystal layer 104
is merely made higher, then the haze when applying a
voltage will increase, and hence the performance required
of the light adjuster 100 will not be attained.

Moreover, with the liquid crystal material, if the

30 proportion of liquid crystal capsules 103 having a large
capsule diameter is high, then there will be hardly any
scattering of transmitted light in the visible region,
and thus the visibility (V) will increase, and hence the
shielding ability when not applying a voltage will drop.

35 In this case, if the capsule diameter (D1l) is merely



Here, taking An to be fixed, if 0.45 > AnxDl, then this indicates that the
capsule dianmeter is too |low, 20 whereas if AnxDl > 0.55, then this indicates
that the capsule dianeter is too high. In general, naking the film
thickness of the liquid crystal layer 104 higher is effective in reducing
the wvisibility (V) and thus inproving the shielding ability, 25 but if the
filmthickness of the liquid crystal layer 104 is nerely nmade higher, then
t he haze when applying a voltage will inciease, and hence the performance
required of the light adjuster 100 will not be attained Moreover, with the
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103 having a | arge aps metér 1's hrg € hardly any
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visibility (V) gyl re d C hi i y when not
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is nmerely 14 Eéﬂﬁ@é@anﬁﬁeKQQMQHﬁQHQ& Kh@ylevﬁﬁmaﬁDuéﬁ@g wand Refc®et he
shi el di ng abi | idpt Wildg be i mproved, but the haze when applying a voltage

wi |l increase, and hence the erformance required of the |ight adjuster
will not be 5 obtaided. ther 1iweh ipgausigirusCdr 1he, cersudgpddraedranet er

(D) and the cagsiyl endi amRt & &s@tl'eo di R ) &ranbhqmsf@tz %Qeaf’chh@; sati sfy
the relationship 2.5xD z DB/ Fron1the above, r t he 93?Pé adj uster 100

according 10 t t%e%é?&ﬁi o meie t AR sEE By I?re ﬁ‘@llraFl ui d
crystalline rod-1li k&“rfmi etld e®ol? If@rSthet Qigh@8 agljABter @obZactbedmhqduct

A Of Agand N SRl O SR 00t 9,58k Bl 3.inge of 0,55 o
15 (D3/D2) are csetstsd ldasiet acgltliidfey mdieaudleat i1@Rs Hisp s2t5xDl 0. 08 < An =
0.12, the product AnxDl1 of An and the capsule diameter
(D1) is set to be in a range of 0.55 = AnxDl = 0.45, and
the capsule diameter (D1) and the capsule diameter ratio
15 (D3/D2) are set so as to satisfy the relationship 2.5xD1
= D3/D2. As a result, the dependence of the haze on the
viewing angle when applying a voltage can be reduced, and
high shielding ability when not applying a voltage,
driving with a low voltage when applying a voltage, and
20 reduced haze when applying a voltage can be realized.

The liquid crystals in the light adjuster 100
according to the present embodiment are not limited to
being nematic liquid crystalline rod-like molecules 102,
but rather cholesteric liquid crystals or smectic liquid

25 crystals may be used.

As the material of the polymer film 101 in the light
adjuster 100 according to the present embodiment, either
an inorganic or organic material can be used so long as
this material has a refractive index n matching the

30 ordinary refractive index n, of the liquid crystal
material that is nematic or the like, and is able to hold
the liquid crystal material in the form of a plurality of
capsules; however, it is particularly preferable to use a
latex that is optically homogeneous and has good adhesion

35 to the transparent electrically conductive films 106a,



> D3/D2. As a result, the dependence of the haze on the view ng angle when
applying a voltage can be reduced, and high shielding ability when not
applying a voltage, driving with a | ow voltage when applying a voltage, and
20 reduced haze when applying a voltage can be realized. The liquid
crystals in the light adjuster 100 according to the present enbodi nent are
not limted to being nematic liquid crystalline rod-Iike nolecules 102,

but rather cholesteric liquid crystals or ISnmectic liquid 25 crystals may be
used. As the material of the polymer film101 in the light adjuster 100

according to tf‘@%l@rﬁéﬁﬂéﬁi%@%@%"l? £1 1Rer1 o8, | 19519aNk1%e Phb PT P Ght

material can be used so long as this material has a refractive index n
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(made by GAF) will be described in detail.
Example
0.5wt% of an IGEPAL C0-610 surfactant (made by GAF)
was added to ZLI-4171 liquid crystals (made by Merck, An
15 = 0.097), the liquid crystals to which the surfactant had
been added were added to Neorez R-967 (made by Zeneca)
containing 40wt% of latex particles such that the liquid
crystal proportion was 0.62, and then stirring was
carried out for 10 minutes at 7000 rpm using a
20 homogenizer, thus obtaining an emulsion. Next, while
gently mixing the emulsion, a CX-100 crosslinking agent
(made by Zeneca) was added in a proportion of 3wt?® to the
emulsion. The emulsion to which the crosslinking agent
had been added was then applied onto an ITO film-
25 possessing PET film using a doctor blade, and drying was
carried out.
! After the applied emulsion had been dried, another
ITO film-possessing PET film was stuck onto the emulsion ,
thus obtaining a light adjuster. The thickness of the
30 1light adjuster was 20um.
For the above light adjuster, the capsule diameter
(D1) of the liquid crystal capsules was 5um, and the
capsule diameter ratio (D3/D2) was 11.5.
The visibility of the light adjuster obtained as

35 described above was measured using a multifunctional



was added to ZLI-4171 liquid crystals (nmade by Merck, An 15 = 0.097), the
liquid crystals to which the surfactant had been added were added to Neorez
R-967 (made by Zeneca) containing 40w %% of |atex particles such that the
liquid crystal proportion was 0.62, and then stirring was carried out for
10 minutes at 7000 rpmusing a 20 honogeni zer, thus obtaining an enul sion.
Next, while gently m xing the emul sion, a CX-100 crosslinking agent (nade
by Zeneca) was added in a proportion of 3wé@oto the enulsion. The enul sion
to which the crosslinking agent had been added was then applied onto an ITO
film25 posses I dr cgeried
out. After theﬁggg %hé%%”g éhe%aghgggﬁg ??egeggng?ﬁgr !ng)xﬁ?de 8 0sSsessi ng
PET film was s@@é%kénﬁéeﬂhéoéﬁﬂﬁsﬁén/ thds) obﬁaﬂnﬁhg BarpgHPORJPBBLBLNIThe
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the capsule dianeter (D) of i qU|d crysta capsul es was
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adj uster obsai ned @§51E5l@€§0rVl))edaébOVQ8Waﬁdnﬁﬁéuhﬁdeu%b898% It was
mul tifunctional 16 nultlggannel spect hot onet er MCPD- 1000 ﬁgBC) (made by

O suka El ectrohPBS EBURILtgay, rsAHCEHe ﬁ 2e"BEBN2RBpYYPHGE #9%ol t age
(sinusoidal, 1@8M]1d5BEZz}ycwas:zpraantfied d8i0g sachaiagnhtgh, shheﬂduﬁ@n t he
measur enent resglas mer that 5 th VISIbI|Ih¥3éV) was 0.08 and the haze was

8% It was thd8*t 65Ndw 3tn95d888 YhRIeawi{8 pl'ying a voltage could be
realized while stllEtseasrthgshfgbnshthbdlﬁgr abﬂhghy whignshet, appl xhng a

008 5 An 800 52 IEREeR Dagl: Zathoe Bri4n bha PERASEs M paafahdn )
satisfies 0. 55taeAnnDBuée0d45meter (D1) satisfies 0. 55 > AnxDl = 0.45,
and the capsule diameter (D1) and the capsule diameter
ratio (D3/D2) satisfy 2.5xD1 = D3/D2, then the light
adjuster has sufficient visual field contrclling
15 performance, it being possible to realize high shielding
ability when not applying a voltage, driving with a low
voltage when applying a voltage, and reduced haze when

applying a voltage.



and the capsule dianeter (D) and the capsul e dianeter ratio (D3/D2)
satisfy 2.5xDI a D3/D2, then the light adjuster has sufficient visua
controlling 15 performance, it being possible to realize high shielding
ability when not applying a voltage, driving with a |ow voltage when
applying a voltage, and reduced haze when applying a voltage. 17 What
claimed is: 1. Alight adjuster conprising: a liquid crystal |ayer havi
plurality of voids 5 therein, each of saild voids being filled with a
crystal material; a pair of substrates that sandwich said liquid cryst
| ayer therebetygsn,idtclLasdgong of said substrates being transparent;
10 transparent electrically conductive filns provided on respective fa
surfaces of said substrates; wherein: said liquid crystal material has

birefringence An in, a rangeyd 4i&terAtcdnd:id8ing5 a product of a dia
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transparent electrically conductive films provided
on respective facing surfaces of said substrates;

wherein:

said liquid crystal material has a birefringence An
in a range of 0.12 = An = 0.08;

a product of a diameter D1 of a sphere having a same
volume as a volume of each of said voids, the diameter D1
being calculated from the volume of the void, and the
birefringence An is in a range of 0.55um = AnxD1l =
0.45um; and

in a distribution of sample values of the diameter
D1, if a total number of the sample values corresponds to
100%, a ratio D3/D2 of a diameter D3 of a sample value
corresponding to 90% which a cumulative value of numbers
of sample values counted from a minimum value of the
sample values reaches, to a diameter D2 of a sample
corresponding to 10% which the cumulative value reaches
satisfies 2.5xD1 = D3/D2.

2. A laminated glass comprising:

a light adjuster comprising a liquid crystal layer
having a plurality of voids therein, each of said voids
being filled with a liquid crystal material, a pair of
substrates that sandwich said liquid crystal layer
therebetween, at least one of said substrates being
transparent, and transparent electrically conductive

films provided on respective facing surfaces of said
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2. Alamnated gl ass conprising: a light adjuster conprising a liquid

crystal layer 30 having a plurality of voids therein, each of said voids
being filled with a liquid crystal material, a pair of substrates that
sandwi ch said liquid crystal |ayer therebetween, at |east one of said
substrates being transparent, and transparent electrically conductive 35
films provided on respective facing surfaces of said 18 substrates;

wherein: said liquid crystal material had8a birefringence An in a range of
0.12 a An a 0.08; 5 a product of a dianeter D1 of a sphere having a sane
volume as a val &W%P%] &ach of said voids, the diameter D1 being cal cul ated
fromthe volu e void, and the blrefrlngence An is in a range of
0.55mz AnxDl z O.WiBHjeldhd 10 in a distribution of sanple values of the
diameter D, if aéﬁ@lllr%gmfrcﬁsﬂame AT & VA e S TR ESRRES O Anl00% a
ratio D3/ D2 of a dianeter f a sanple value corresponding to 90% which a
cumul ative val iR dfFFFMIDHRS 0 of2 sarfht & ValA¥%s counted from a mi ni num val ue

of the 15 sanple val ussodieaches. a tdi andlivretiero D @p@x@rﬂaﬁ@@rﬁ@ondl ng
to 10%which the, cumilative yalve feaches s saishieus U & 8% n
being calculated from the volume of the void, and the
birefringence An is in a range of 0.55pum = AnxDl =
0.45um; and
10 in a distribution of sample values of the diameter
D1, if a total number of the sample values corresponds to
100%, a ratio D3/D2 of a diameter D3 of a sample value
corresponding to 90% which a cumulative value of numbers
of sample values counted from a minimum value of the
15 sample values reaches, to a diameter D2 of a sample
corresponding to 10% which the cumulative value reaches

satisfies 2.5xD1 = D3/D2.





