| DESCRI PTI ON LI GHT ADJUSTER AND LAM NATED GLASS 5 Technical Field The
present invention relates to a light adjuster having a liquid crystal
material therein, and a |am nated glass containing the |ight adjuster, and
in particular relates to a light adjuster that enables visual field 10
control, and a |lam nated glass containing the |light adjuster. Background
Art Htherto, electrochrom c devices (hereijnafter 15 referred to as "EC

devi ces") have been known as devices such as light adjusters having a |ight

adjusting capability of enabling thegﬁggﬁﬁghizégity to be freely adjusted

(hereinafter referred to as "light adj ices"). Such an EC device
is, for exanple, made from 20 a material that undergoes a spectral change

upon an el ectrochem cal rﬁggégggﬁﬁgaﬁgR ﬁHBhLﬁﬁ%%%Pgﬁt AQ@(ide or prussian

bl ue, and controls the anoun transm t y absorbing |ight.
However, because such an EC device is current driven, if the EC device is
made to 25 Bavera.J,ar98 a%:€a,q then a large voltage drop arises, the

response speed drops narkedly, and degradation of constituent materials due
to el ectrocheni cal diengessend idyeatloecyed adgri 8§ pr diehgeddpassetg of a

current; such @ g deviiich ithus Aot e usad tag rd ihi, dhhqadi uskehatkhat 30
is required to be durable. In recent years, voltage driven |I%ht adj usting

devi ces have tHUIToMON G B NEsddiead ighihedddstster $ndi ASt BadTdfUddeh

current driven [&Jfew ags.a Adlglexampletemematd encwnvisl vigaalaltigned phase
( NCAP) |IQde Q;ystal 35I! %pt adju§}%{s are known ,as su%ﬁevgﬁgﬁge driven

light 2 ntrol, a lamInated glass containing

adjuster.

Background Art
Hitherto, electrochromic devices (hereinafter
15 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
adjusted (hereinafter referred to as “light adjusting
devices”). Such an EC device is, for example, made from
20 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
transmitted by absorbing light. However, because such an
EC device 1s current driven, 1f the EC device is made to
25 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
so on occurs during prolonged passing of a current; such
an EC device thus cannot be used as a light adjuster that
30 is required to be durable.

In recent years, voltage driven light adjusting
devices have thus come to be used as light adjusters
instead of such current driven EC devices. For example,
nematic curvilinear aligned phase (NCAP) liquid crystal

35 1light adjusters are known as such voltage driven light



adj usting devices. Such a nematic liquid crystal light adjuster is nade
froma liquid crystal material, and has excellent durability, and noreover
can easily be nade to have a |large area (see, for exanple, Published
Japanese 5 Translation of PCT Application (Kohyo) No. 558-501631). In
general, such a light adjuster is conprised of a liquid crystal |ayer
having a |ight adjusting function in which a plurality of voids are filled
with liquid crystals, and a pair of PET filnms that sandwich the 10 liquid
crystal |ayer therebetween; transparent electricall onductive filnms are
provi ded on re&feEfivBYI Fﬁﬁﬂﬁﬁssurﬁ%. @ dJteRafet PEE 1Y %%fﬁﬁ&'%d4ﬂ§ibonded
to the liquidaapyustal haygadeafidon MohiqgedlSrﬁ@phleﬂat@riﬁﬁ 1@ U &ls
crystal l|ayer v ansp arent 15 electricall iyconduc ive filns.
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liquid crystal layer via this pair of transparent

15 electrically conductive films. The liquid crystal layer
is made of a transparent polymer film having a large
number of voids therein, and each void is filled with
liquid crystals so as to form a liquid crystal capsule.

According to such a light adjuster, when a voltage

20 is not being applied, the liquid crystal molecules line
up along the curved wall surfaces of the liquid crystal
capsules, i.e. are not arranged along the direction of
travel of transmitted light transmitted through the
liquid crystal capsules; the optical path of the

25 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
liquid crystal layer becomes translucent. On the other
hand, when a voltage is applied, the liquid crystal

30 molecules align to 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
refractive index n, of the liquid crystal molecules
matches the refractive index np, of the polymer film, it

35 Dbecomes such that boundary layers between the liquid



35 beconmes such that boundary |ayers between the liquid 3 crystal capsul es
and the polyner filmdo not exist optically, and hence transmtted |ight
incident on the liquid crystal |layer can be transmtted unhi ndered,
whereby the liquid crystal |ayer becones transparent. 5 Due to the above
principle, the light adjuster has a visual field controlling capability of
bl ocking the visual field through scattering of incident |ight when a
voltage is not being applied, and securing the visual field through

allowing incident light to be transmtted. 10 unFLEdered when a goltage is
bei ng appl i ed. “BYE RS CAPSYUvESUANYs FBPIPROXEFLI EhY E9paBFI FEYST such a
| i ght adj uster opbs isuilllghl antiohense azaaspartieti dhighei thetdahonenothen the

formof a | am nated gl ass andw ched between a rality.of glass plates;
0 Fecent 15 yearbldsiSe et TRLPE Rde Bhen TantrRe PEd. bhnfea el T P Mhtch
such a |ight adheseby itheuseduas arpsopécflagrr beremas Anapxmpapeéetin which

such a | ighy adiustgr i sousad 85q,8 ProLechion BAECEAshS AqflhsPLAY, YL ndow
having a rear 20 projector prOV|8e ‘Thereinsi de. ccor I'ng to such a Tight
adj uster, whenvihealli ghelddcasterlbevgmespabidnspapénbldakineg application of
a vol tage to theghiquirdegr ystahghayestaeiahand sacdisptayedninghdg Lhe

di splay w ndow i.s made visible, "and when the |ight adjuster 25 becones
transl ucent (ndRtRERspar 8AL) PEdEIt BPR1VEF agBd ABEUBENAgtBBpFiedato the

liquid crystal fliayer thadulghRge loadwer thsingntheigrechangeseranshbetbike
proj ect ed ﬁ to ghe mﬁn%om1fron1th rear  projector Biovided i nside the

di spl ay wi hdowrE1egsreguthesoapgpdtages gl PedBgr 8BPot Scat teri ng remai ni ng
when the |ight adjostetoi shikansparentiesdrebetretllingasapabarety, I n the

case of use ass%c%i%ph§%ﬂw Q%%ﬂ%%%r is suitable for use as a partition
either alone or in the form of a laminated glass
sandwiched between a plurality of glass plates; in recent

15 years, however, there has been an increase in cases in
which such a light adjuster is used as a projection
screen.

An example in which such a light adjuster is used as
a projection screen is a display window having a rear

20 projector provided thereinside. According to such a
light adjuster, when the light adjuster becomes
transparent due to application of a voltage to the liquid
crystal layer, merchandise displayed inside the display
window is made visible, and when the light adjuster

25 becomes translucent (non-transparent) due to a voltage
not being applied to the liquid crystal layer, an image
advertising the merchandise or the like projected onto
the window from the rear projector provided inside the
display window is cast out.

30 Here, a small degree of scattering remaining when
the light adjuster is transparent is referred to as
“haze”. 1In the case of use as a display window as
described above, it is required to reduce the haze when
transparent. Furthermore, a display window has a large

35 opening area, and hence as well as reducing the haze when



descri bed above, it is required to reduce the haze when transparent.
Furthernore, a display wi ndow has a | arge 35 opening area, and hence as well
as reducing the haze when 4 transparent, it is also required for the
dependence of the haze on the viewing angle to be | ow. Mreover, so that
such a light adjuster can function as a projection screen onto which is
cast an image 5 projected froma rear projgctor or the like, it is also
required to reduce the mavelength dependence of the transnissivity in a
non-transparen known. t hat the d nde f thg haze gn t he
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transni ssivity FeAUEREINSA- CPEHSPaF BAt WSt at engahneePepecreduetdtPfor exanpl e,
there is a pr ol@lr@msmgglkzwpt 1QfaZQohOE‘EaM@ﬁ@f@HﬂtQté§epr eferenti al l y
transmtted, and hence E gr ke ion sgreen has a redglsh thg$ is an
obj ect of t he present tAVERPIBNTEBT pFB%i dePeRderghtOhdf st Zan h%m]nated
gl ass which areleanablengmé waddctng nh@hmaa@ﬁeﬂgéh depmadenteamipah@nQS
transnissiﬁéty when a vo ta re of th
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i nvention, therdegusdproystielisahbvght adjlostlerr80rtongpncsi figeaeingfier cryst al
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open Patent Publication (Kokai) No. H03-116019).
However, for such a light adjuster, even though the
15 dependence of the haze on the viewing angle in the
transparent state can be reduced by using liquid crystals
having a low birefringence An, the wavelength dependence
of the transmissivity in the non-transparent state cannot
be reduced; for example, there is a problem that light of
20 long wavelength is preferentially transmitted, and hence
the projection screen has a reddish tinge.
It is an object of the present invention to provide
a light adjuster and a laminated glass which are capable
of reducing the wavelength dependence of the

25 transmissivity when a voltage is not being applied.

Disclosure of the Invention
To attain the above object, in a first aspect of the

present invention, there is provided a light adjuster

30 comprising a liquid crystal layer having a plurality of
voids therein, each of the voids being filled with a
liguid crystal material, a pair of substrates that
sandwich the liquid crystal layer therebetween, at least
one of the substrates being transparent, and transparent

35 electrically conductive films provided on respective



liquid crystal material, a pair of substrates that sandwi ch the liquid
crystal |ayer therebetween, at |east one of the substrates being
transparent, and transparent 35 electrically conductive filns provided on
respective 5 facing surfaces of the substrates, characterized in that a
variation in transmssivity over a predeterm ned wavel ength region of
incident light incident on the light adjuster is set to be within a
predeterm ned range. 5 In the first aspect of the present invention, for

the |ight adij f .t t i
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set to be withinap
material has a blrefrlngence An of not less than 0.12,

and a product of a diameter D1 of a void converted in

15 terms of a diameter of a sphere having a same volume as
the voids and the birefringence An is in a range of 0.24
pm £ D1*An < 0.32 pm.

To attain the above object, in a second aspect of

the present invention, there is provided a laminated

20 glass comprising a light adjuster having 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 sandwich the liquid crystal layer
therebetween, at least one of the substrates being

25 transparent, and transparent electrically conductive
films provided on respective facing surfaces of the
substrates, characterized in that a variation in
transmissivity over a predetermined wavelength region of
incident light is set to be within a predetermined range.

30 In the second aspect of the present invention, for
the laminated glass, preferably, the variation in the
transmissivity over the predetermined wavelength region
is a difference between a maximum transmissivity and a
minimum transmissivity over a wavelength region from 380

35 nm to 780 nm, the difference being not more than 3%.



30 In the second aspect of the present invention, for the |am nated gl ass,
preferably, the variation in the transm ssivity over the predeterm ned
wavel ength region is a difference between a maxi numtransm ssivity and a

m nimumtransm ssivity over a wavel ength region from 380 35 nmto 780 nm
the difference being not nore than 3% 6 In the second aspect of the present
invention, for the lamnated gl ass, preferably, the liquid crystal

material has a birefringence An of not less than 0.12, and a product of a
diameter DI of a void converted in 5 ter a dlaneter of a.sphere having
a same volune as tH& &ged§e§ﬁﬂdtﬁépﬁFFeP |ﬁ EnBECARNFsINKeRt ] gefBF 0. 24
pm << D1*An < QJQQJEMuBBKQE.@Q&%@Ipt&@ﬁe@bbﬂ@e BhawﬂmgslaocEyétal is a

secti onal vi ew of a | i.ght ad ster. .accor tQ an od|
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l'i ght adj uster amﬁ)&ﬂpnmduqt BlfGa HiakleGer3 Dils od graphdshomwagtedeln

transm ssi VBFI &ox 1355 J¢ %htdl%%le%% Sl V&L h%r‘é’a}‘S'v?:R%I 3 55 ﬁiﬁggﬁﬁbﬁg‘eﬁo nmto
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transnmi ssivity tdfe eachisofanché el ghireddjiingreacs an ivarnoas reeaet efi Ag2dngl es
from-50 to 50, and j1he 2Q trapsmssivity in a normal direction (0). Best
Mode for Carrylng Qut the Inventlon A light adjuster according to an

enbodi ment of the present invention will now be described with reference to

25 the draw ngssriklfr Ses i@atiain ed (iqe,%crgrgwlggsw Il be given of techniques
for redUC|n§ t he mavelenﬁ;h dependence of the tran HISSIVIt% and t he
scatteringtingl e depéiderceSof PRETIOPANsHitEYi Ot ¢ whERTt REIPPHRE adj ust er

according to th&cording to an embodiment of the present invention;
FIG. 2 is a flowchart of a method of manufacturing
the light adjuster 100 shown in FIG. 1;
FIG. 3 is a graph showing the transmissivity of
15 light adjusters over a wavelength region from 380 nm to
800 nm; and
FIG. 4 is a graph showing the relationship between
the transmissivity of each of the light adjusters at
various scattering angles from -50° to 50°, and the

20 transmissivity in a normal direction (0°).

Best Mode for Carrying Out the Invention

A light adjuster according to an embodiment of the

present invention will now be described with reference to
25 the drawings.

First, a detailed description will be given of
techniques for reducing the wavelength dependence of the
transmissivity and the scattering angle dependence of the
transmissivity when the light adjuster according to the

30 present invention is non-transparent.

First, the scattering angle dependence of the
transmissivity is reduced using the following technique.

For the light adjuster in the non-transparent state,
the greater the birefringence An of the liquid crystals,

35 the lower the difference tends to be between the



30 present invention is non-transparent. First, the scattering angle
dependence of the transmissivity is reduced using the follow ng technique.
For the light adjuster in the non-transparent state, the greater the
birefringence An of the liquid crystals, 35 the lower the difference tends
to be between the 7 transmssivity at a large scattering angle, and the
transm ssivity in a direction parallel to the incident |ight (the nornal
direction). To reduce the scattering angle dependence of the 5

transm ssivity, the hirefringence An nust thus be R not | ess than a
predet er ni ned VEPOEMIBEAEL LT atha 1BF9§fFFﬁ§EﬁEenﬁnaP§ frad@"foBE not |ess
than 0.12, therrahBeaiseattieri ng andliecdependpaeeldtlt be thansntsdentty can
be reduced to g» %fflgbent Iev§ldfor ?ecuging functioning 10 as a

proj ection screed T4 FEAICE Phe 94ESEE&PIhG angl e dependence of the

transm ssivity of the kedhteathasteattthéndi apfiendepeedednei sfthius

pref er abl y §ad%ﬁ%%fgﬁﬁggblk SStEE3819e%%18§%é§8VS£’m&?ﬁe%$¥§|OQQEQt to

dependence of t rans éS|V|ty isre usi ng
t echni que. Fomnothéekisghhaadpustredetarnhaedorat nanspieent sft dtlee  t he

greater the di %qefeerrl%e%ea&ﬁaeeuhedeowebeeqotnlegereﬁaﬁfotb@ digggt er of
a sphere haV|ng the same volune _as the gsta capsules filled with
a

the Iiquid 20 Pysﬁ§e§t@ﬁéﬁe|ﬁaﬂﬂerdeeﬁeﬂ?eaetef h?héragﬁﬁeﬁélvébhv@?@ed

dianeter”), theel esguceadicby ai Beirdent ehikghtves rdifEeagkedg Asnatiésuhy, the
greater thf%s phere- converted dianeter D1, the less readily the incident

light is tt4nshitt Be@TCARELGR t RETFPGht adjuster 25 To reduce the wavel ength
dependence of the WbamedueelVhEysohtthelhggahgadjuepeﬁdemhe sphetie-

converted dian%&%%sglsgg%at%h%% %%es? ghg ngjus 8§,tpﬁe Blrefrlngence

An is thus preferably made to be not less than 0.12.

Moreover, the wavelength dependence of the
15 transmissivity is reduced using the following technique.

For the light adjuster in the non-transparent state,

the greater the diameter D1 of a capsule converted in

terms of the diameter of a sphere having the same volume

as the liquid crystal capsules filled with the liquid

20 crystals (hereinafter referred to as the “sphere-
converted diameter”), the less readily incident light is
diffracted. As a result, the greater the sphere-
converted diameter D1, the less readily the incident
light is transmitted through the light adjuster.

25 To reduce the wavelength dependence of the
transmissivity of the light adjuster, the sphere-
converted diameter D1 must thus be set to not less than a
predetermined value, thus keeping down the variation in
the transmissivity over, for example, the visible region

30 to within a predetermined range, thereby preventing light
of long wavelength from being preferentially transmitted.

The variation in the transmissivity is the
difference between the maximum transmissivity and the
minimum transmissivity over a predetermined wavelength

35 region. The transmissivity generally increases with



predet erm ned val ue, thus keeping down the variation in the transm ssivity
over, for exanple, the visible region 30 to within a predeterm ned range,

t hereby preventing light of |ong wavel ength from being preferentially
transmtted. The variation in the transmssivity is the difference between
the maxi numtransm ssivity and the mninumtransmssivity over a
predeterm ned wavel ength 35 region. The tgansmi ssivity generally increases
with 8 increasing wavel ength, and hence the variation in the transmssivity
over a region from380 nmto the difference, bet ween t
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dependence of thensmaﬁsmV$Syvaty3&QnHMe 10 reduced. FurthernDre there is a

correlatron bet ween copv e i i ence
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An; to reduce the F r?ggenge g? €E% g%et§€§ ﬁ%vo Qﬁer%- converted

di aneter D1 nu@ptbéeﬁﬁcréaeea SSpecutheelrhe l%rlﬂt%%@ b@s@that t he

bi refringence %&ah§sz%§v1E960véPh€ﬁ@ GQEY@iéeQe L @et esm Dhgdrush B8 e in a
range of 1.5 pmto whereas in e case that the birefringence An

is 0.12, the sﬁWeFénc@ﬁvg?PEddawanﬁPePOtE@Oﬁﬁth%% 3ot #pd eRFRESF 2.0 pm

to 2.7 pm 20 Weveeeugehthepeaaeheegbh dependensei oithey tamnsdn ssivity,
t he produc% of t here converted dianmeter DI and the birefringence An
must thus be sé? a range of 0.24 pmto 0.32 pm As a result, the
wavel engt h dependeneeroﬁethereransetesiyi&yc@anebatﬂﬁhrbmhw&mhtmhei

sufficient |eV%bh%?%_ég%%gkggdfHQQ&EQQ%”Bla§nd the birefringence An; to
reduce the birefringence An, the set value of the sphere-
converted diameter D1 must be increased. Specifically,

15 in the case that the birefringence An is 0.16, the
sphere-converted diameter Dl must be set in a range of
1.5 pm to 2.0 pm, whereas in the case that the
birefringence An is 0.12, the sphere-converted diameter
D1 must be set in a range of 2.0 pum to 2.7 pm.

20 To reduce the wavelength dependence of the
transmissivity, the product of the sphere-converted
diameter D1 and the birefringence An must thus be set in
a range of 0.24 pm to 0.32 pum. As a result, the
wavelength dependence of the transmissivity can be

25 reduced to a sufficient level for securing functioning as
a projection screen.

To reduce the wavelength dependence of the
transmissivity of the light adjuster, the product of the
sphere-converted diameter D1 and the birefringence An is

30 thus preferably set in a range of 0.24 pm to 0.32 um.

FIG. 1 is a sectional view of the light adjuster
according to the embodiment of the present invention.

In FIG. 1, the light adjuster 100 is comprised of a
liquid crystal layer 104 comprised of a transparent

35 polymer film 101 made of a latex having a plurality of



a projection screen. To reduce the wavel ength dependence of the

transm ssivity of the light adjuster, the product of the sphere-converted
dianeter D1 and the birefringence An is 30 thus preferably set in a range of
0.24 pmto 0.32 pm FIG 1 is a sectional view of the |ight adjuster
according to the enbodi nent of the present invention. In FIG 1, the |ight
adjuster 100 is conprised of a liquid crystal |ayer 104 conprised of a
transparent 35 polyner film 101 nade of a latex having a pIuraIity of 9

ds th d ] d ta les 103, forned, _thyough th d
bei ng 1111 cd wibHienbere L) gl (ARyS: SFYFRAL r SOETTKE mby St 0402, o
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electrical |y copdichietebhl Mank062.380 100D 8pBLYrBcd01yoLbagectoydhe Iiquid
crystal l|ayer 104. Accor I ght adjuster 100,  when a voltage is

not bei ng appl ifdd™so 10ke RPguildokr {84l argyrFoYddedt e rAeRREFEVEi qui d

crystalline rodddikg mmirgewkesot02nki paivporabengrt hescuoyedamal Loswr faces
of the liquid crys capsul ar e, not arranggd al ong t he

al
di rection m@%ﬁ|&®h@Wﬁ%3%mW%%mw&ww %%m liquid
crystal capsul@ﬂet&3¢cbheyopbhdabtpaéhfmnmshe06araﬁanleeedabpgptathus
meanders a gund nd I%CI i gg S E §t%ered @ boundary | ayers between
the liquid 20 cr} & gpsuFe% EB 5YF ?yﬁﬁr 'fm 101, and hence the
liquid crystal Iayeﬂct@&dbegonestheahsbhteﬂdjuéherthOotMEenhanﬂolamy@rding

}g é?elghghthanU%B%rb%QQg whenidqy ¥oltagei§,apPkiediLe the.liayhd crystal
Y nematic liquid crystalline rod-like molecules 102 line up

along the curved wall surfaces of the liquid crystal
15 capsules 103, i.e. are not arranged along the direction
of travel of transmitted light transmitted through the
liquid crystal capsules 103; the optical path of the
transmitted light thus meanders around, and incident
light is scattered at boundary layers between the liquid
20 crystal capsules 103 and the polymer film 101, and hence
the liquid crystal layer 104 becomes translucent. On the
other hand, according to the light adjuster 100, when a
voltage is applied to the liquid crystal layer 104, the
nematic liquid crystalline rod-like molecules 102 align
25 to the direction of the electric field produced, and at
this time, due to the liquid crystal layer 104 being made
from a material such that the ordinary refractive index
n, of the nematic liquid crystalline rod-like molecules
102 matches the refractive index np of the polymer film
30 101, it becomes such that boundary layers between the
liquid crystal capsules 103 and the polymer film 101 do
not exist optically, and hence transmitted light incident
on the liquid crystal layer 104 can be transmitted
unhindered, whereby the liquid crystal layer 104 becomes

35 transparent.



nematic liquid crystalline rod-1ike nolecules 102 align 25 to the direction
of the electric field produced, and at this tine, due to the liquid crystal
| ayer 104 being nade froma material such that the ordinary refractive
index no of the nematic liquid crystalline rod-like nolecules 102 matches
the refractive index np of the polynmer film 30 101, it becones such that
boundary | ayers between the I|iquid crystal, capsules 103 and the pol yner
film101 do not exist optically, and hence transmtted |ight incident on

the liquid crystal |a 104 can be transmited dere erepy the

liquid crystal IayePu§0£ Ophblone OV%Spf+%$%%LﬁenThel ?Q$Q$£: b%ﬁ%

pri nci pl e, thehbsghtvadpa$tenelﬁocohaSOHlymgueépébelﬂtpomfrmﬂd¢kmngxmm@biIity

of bl ocki ng the su t hr ou atterln of |nC|de [ mhen a
BBt ea B A Pab fheo: Shal B8N T Hal M

vol tage is not 63| ng Vi sUa hrough
al l owi ng inci dentltlagghtLSt pobebtrinasappi edd, uallfndnsleccedlMeth@ Wmualge is

bei ng appl i£d. Migo ﬁEougﬂ Eﬁgﬁkig8tiﬁ9 Héﬁ@r%}ﬁﬁt Eerégygéﬁﬁg idd dyi d

crystals have a |re ringence not ess t product of
t he sphere-convehiededpdnehen Blvebteget he b$QEgdaR?¥s¢@l capsul es 103 and

the birefringence #p-ebvthe nﬁn@ﬁécllgwgdfuyeé@l 800 S Mb hdrtge of 0.24
m< DI"An <- 0.32 m_ Next, a description w | iven a met hod of

manuf act uri ng LhEUEAGREYEERLSL BRVE0D. biBeﬁ¥E?g?n?% %Df?%wk%%r%e%ﬁ %1 et hod

of manuf act uri nglzt,henbl ght pdpuster ot 00hshophe 8- Ebkye dt edisd sdrwe+ Fl G
el.ectrically con film1106a, or_106b nade of

2, first rans ct
"10 15 oftheaoon LBRe LaP e B Eaheta U s HITrine HES F e S T g5e and
105b (step S20An Néxtheneemet¢clHQquﬂdCCygtahssaﬂd an aqueoys ehase4

pm < D1*An £ 0.32 pm.

Next, a description will be given of a method of
manufacturing the light adjuster 100.

15 FIG. 2 is a flowchart of the method of manufacturing
the light adjuster 100 shown in FIG. 1.

As shown in FIG. 2, first, a transparent
electrically conductive film 106a or 106b made of ITO is
formed on one surface of each of 175 um-thick PET films

20 105a and 105b (step S20).

Next, nematic liquid crystals and an aqueous phase
are mixed together to prepare an emulsion, and the
prepared emulsion is added to a latex, or else nematic
liquid crystals and a latex are directly mixed together

25 to prepare an emulsion. At this time, to form stable
liquid crystal particles, it is preferable to add a
surfactant to the emulsion. The mixing together of the
nematic liquid crystals and the aqueous phase or the
latex is carried out using a mixer such as a blender or a

30 colloid mill (step S21). The sphere-converted diameter
(D1) of the liquid crystal capsules 103 can be controlled
to a desired value through the rotational speed of the
mixer. Here, the sphere-converted diameter Dl is set to
2.0 pym; in the case that the sphere-converted diameter D1

35 is 2.0 pm, the birefringence An of the nematic liquid



are m xed together to prepare an enulsion, and the prepared enulsion is
added to a latex, or else nematic liquid crystals and a latex are directly
m xed together 25 to prepare an enulsion. At this time, to formstable
liquid crystal particles, it is preferable to add a surfactant to the

enmul sion. The m xing together of the nematic liquid crystals and the
aqueous phase or the latex is carried outyusing a m xer such as a bl ender
or a 30 colloid mlIl (step S21). The sphere-converted dianeter (D) of the

liquid crystal capsules 103 can be controlled t desired _val ue t hrough
the rotational © ﬁgéﬁléfmﬁﬁehaﬁFxérya ?e?ftﬁﬁogpﬁe?%-EBn@e?§ed di amreter DI
is set to 2.0 m in theseasakihgtaybetspbererconvenkedgdiiaseieted i35 1S

2.0 gm the birefringence An of the ne ic Liquid I _I .crystals_my have a
value of from 6ororrergree Sroardds Tkrhe® LhEhberordefBlETRErTGY (he
latex in the preepamedsérpl SR8N.i sThdermdunt heddedided thee faron sl imediam
(step S22) T t ded o Lpking, 5 e IS, Set, .ln.

cor r 6spontiehce Tk The “gbunl GF TearPaaiorCt heop oS apobiic SEE - sblias
capabl e of crossl ithiei Agtakl tef behen| amexnincepphteopfserpaslimhenaedi bm

thus forned is hencappkicgd; gnteliBeqrt canspgarent el ectrically conductive
film1l06a using a 10 suitable neans such as a knife blade, and the applied

nmediumis then driedlewReféB} EPBSsEPRREAgGIBf tRRR REPEkSIpYNERet2® 0SSl i nking
agent is made toapispeeedtr andchenealay tbguudter¥staiml ayes 494ngsaforned

(SeP S20) gt LIS PR pot.r S phuek ppigethecli gyt dp crystal
film106b cont aeidd uithe sl itgenddrieyst ahelraper ct04s{ shepn$24f, thbusacerpl eti ng
the manufactuging progesss ;Az¢ALALENE0:1ENGaRECEN, -§0R8Y! MERG nLg. NEMRLI C
liquid crystal layer 104 is formed (step S23).
Next, the PET film 105b is stuck onté the liquid

15 crystal layer 104 thus formed such that the transparent
electrically conductive film 106b contacts the liquid
crystal layer 104 (step S24), thus completing the
manufacturing process.

According to the present embodiment, the nematic

20 liquid crystals have a birefringence An of not less than
0.12, and moreover the product of the sphere-converted
diameter D1 of the liquid crystal capsules 103 and the
birefringence An of the nematic liquid crystals is in a
range of 0.24 um < D1*An < 0.32 um. As a result, the

25 wavelength dependence of the transmissivity and the
scattering angle dependence of the transmissivity when
the light adjuster 100 is in a non-transparent state can
be reduced to a sufficient level for securing functioning
of a projection screen using the light adjuster 100.

30 The liquid crystals in the light adjuster 100
according to the present embodiment are not limited to
being nematic liquid crystals as described above, but
rather may instead be cholesteric liquid crystals or
smectic liquid crystals.

35 In the light adjuster 100 according to the present



20 liquid crystals have a birefringence An of not less than 0.12, and

nor eover the product of the sphere-converted dianeter DI of the liquid
crystal capsules 103 and the birefringence An of the nematic liquid
crystals is ina range of 0.24 Vim~~ D~An < 0.32 pm As a result, the 2 5
wavel engt h dependence of the transmssivity and the scattering angle
dependence of the transmssivity when the,light adjuster 100 is in a

non- transparent state can be reduced to a sufficient IeveI for securing

functioni ng pr.oj ectlon scr usj ng t he | uster 100._ 30 The
liquid crystal§mgﬁdﬂ “IvgﬁpsﬁaﬁﬁsPér ﬁ@OPEQCEbL%an ?ﬁ%mﬁi%s%%?Stlc

enbodi nent arefﬂth|bﬁlU&dSBOShbétheBEHthﬁlhgq&hdIT®ySiﬁhSoﬁSadESﬂrIbed
above, but rather i.nstead be cholesteric | S Or, snectic
o o ot o o TSroRD FT s Fafoa el dotontats G ieeef RalrpeciRetys
enmbodi nent, insteadFofr the EETyméknﬁ;lmorneum@plEgmtasdynstérlh@Oor gl ass

sheets each haying,. AT L LoBehEnonBalie(Sn02) Lo Lorgpd. 0p @

surface thereo Jused € po yner rfint ght "adj uSter 100
5 according totw@@ priesegenegbodi meaenia, naterpal upedanysofgpeasi porgani c or

organic, can bﬁa%%%@ah”%gga% @éfEQb§lv€aiﬁéé§| hﬁétéhiﬁéréﬁé'XPdiHQP§ n

mat ching the ordinary refractive index no of t e nematic l1quid crystal
nol ecul es, and Led rasitd veo 1R ﬂheOEem&ﬁ|Qﬁmq§ﬁﬁ(ﬂlQMﬂqx%ﬁM%ﬂq#| n the form

of a pluralltyn@ﬁe%@n%@legnd Mar 8eVer tol hof@eshdi hbaytisayiggishat the |ight
adj ust er 10 descrlb%d above c%n be used in the formof a _lam nated gl ass

sandwi ched!bet We¥3ta 15 dPalfffy L8fMgPase PpPheestYant FABSULRR: effect s
descri bed above canMalrsovbhe, 1b pevedugethountt hi gicqsenatlexthe Bhglexanpl e of
the present Inventl%%ﬂmlbb %scrlgcrlbggvéncggtgéIUsed in the form of a
laminated glass sandwiched between a plurality of glass
plates, and that the effects described above can also be
15 produced in this case.
Next, an example of the present invention will be
described in detail.
Example
0.5 wt% of an IGEPAL CO-610 surfactant (made by
20 General Aniline & Filma Inc.) was added to ZLI-1840
liquid crystals (made by Merck & CO., Inc, An = 0.143),
the liquid crystals to which the surfactant had been
added were added to Neorez R-967 (made by AstraZeneca
PLC) containing 40 wt% of latex particles such that the
25 liquid crystal proportion was 0.62, and then stirring was
carried out for 10 minutes at 10,000 revs using a
homogenizer, thus obtaining an emulsion. Next, while
gently mixing the emulsion, a CX-100 crosslinking agent
(made by AstraZeneca PLC) was added in a proportion of 3
30 wt% to the emulsion. The emulsion to which the
crosslinking agent had been added was then applied onto
an ITO film-possessing PET film using a doctor blade, and
drying was carried out.
After the applied emulsion had been dried, another

35 ITO film-possessing PET film was stuck onto the emulsion,



Example 0.5 w % of an | GEPAL CO 610 surfactant (nmade by 20 General Aniline
& Filma Inc.) was added to ZLI-1840 liquid crystals (made by Merck & CO.,
Inc, An = 0.143), the liquid crystals to which the surfactant had been
added were added to Neorez R 967 (nade by AstraZeneca PLC) containing 40
wt % of |atex particles such that the 25 liquid crystal proportion was 0.62,
and then stirring was carried out for 10 jginutes at 10,000 revs using a
honogeni zer, thus obtaining an emulsion. Next, while gently mxing the
enmul sion, a CX-100 crosslinking, agent made by AstraZeneca PLQ) s added
in a proportioh™8f 9£§61W%’t6 ]rh‘ghgnﬁ‘?i?%BerThéP ?%l CERees '(’Eﬁ%t he
crosslinking agegtiibadrbeeal addedr was th@nlfmmﬁlamhmnﬁex was 1200 um.

fil mpossessing PET f|| u5| n oct or Iade was carfrl d out.
After the applied eﬁﬂfs o %%‘gv%eghg% u%%o}fhncq‘e S?BGVWEI% 99 mpossdgsa ng
PET fil mwas stiuekebntoDi hefehblélequlQBCthﬂSabbt@ml’@ avds ¢ghtO gdy,ust er.
The t hi ckness t Re.ali gyidyc t layer in the light adjuster was 20 pm
For the abg‘c)\sle ?lfjgh §a jku i% 0 Eﬁé @%here converted dianeter D of the
liquid crystal capsusesgm@ezlggm a8) whice D1*{Are Wels? IRN2ig6s ipha £ YUSTYRY the

light adjuster wab@?eh!’g%ﬂsﬁbé%ﬁ{' EYOIQV%Oaan\@Heé EOHM Jre omd rom380 nmto
800 nm when the |ight ™ adjuSter was in the non-transparent state was

nmeasured usi n§dauREPD- Y8801 28CF RORTFameRioPRT Td &S cishrietaspred

spect rophot onetighin rradﬂcbm @oggkazgtecmpﬂig@n&@mnﬁ yltidihdesul ts are
shown by the dashe Be on descr bed bbg ow. Moreover, the
transmi ssitit ySB?CEEQP BFPW‘@tﬁﬁgl %def?iﬁn?t%‘ﬁ) {0 e Hfeadited. Lohe ratio

of the 15 transhesseyullysahreagshosnsabyethagdasigee 1ind hen FIG. 3,

described below.

Moreover, the transmissivity at scattering angles
from -50° to 50° was measured. The ratio of the

15 transmissivity at each scattering angle to the

transmissivity in a normal direction (0°) (hereinafter
referred to as the “scattering transmissivity ratio”) is
shown by the dashed line on FIG. 4, described below.

Comparative Example

20 A light adjuster was obtained using the same
manufacturing method as for the light adjuster of the
Example described above, except that the rotational speed
of the homogenizer was set to a different value in the
Example. For the light adjuster obtained, the sphere-

25 converted diameter D1 of the liquid crystal capsules was
1.0 pm, and D1*An was 0.143 um.

Using this light adjuster, the transmissivity over a
wavelength region from 380 nm to 800 nm was measured as
for the Example described above. The results are shown

30 by the full line on FIG. 3, described below. Moreover,
the transmissivity at scattering angles from -50° to 50°
was measured. The scattering transmissivity ratio is
shown by the full line on FIG. 4, described below.

FIG. 3 is a graph showing the transmissivity of the

35 1light adjusters over a wavelength region from 380 nm to



transmssivity in a normal direction (0) (hereinafter referred to as the
"scattering transmssivity ratio") is shown by the dashed line on FIG 4,
descri bed bel ow. Conparative Exanple 20 A |ight adjuster was obtai ned using
the sane nmanufacturing nethod as for the |light adjuster of the Exanple
descri bed above, except that the rotational speed of the honogeni zer was
set to a different value in the Exanple. fzor the |ight adjuster obtained,

t he sphere 25 converted dianmeter DI of the liquid crystal capsules was 1.0
pm and DI *An S 0.143 m Using this light adjuster, the transm ssivity
over a maveleﬁ@thangion from380 nmto 800 nmwas neasured as for the
Exanpl e descri bed ahav@IiGTheé,r ehual bgiar efshowni8fabyshbesfuhé [ine on FIG

3, descri bed bel ow over .. . ransmissivit t catter] . s from
P50 0 50 s MRl MR ROKR L ot e at STSML2 LK K8l 28681 HETLPEs ARELES |
the full 1ine omomisGth4, tdessmiibedvb&loatr FRGh Baivslangthph show ng the

transmi ssivity of the o35 bEgNhagdhusbars gieina yayehengt ke ool on,d¢ om 380

nmto 14 800 nm 3, the axis o sci ssas shows the wavel ength of
i nci dent | i ght foand@henhd igkits agp ugtgirnafesheshonBarpbiveahsaiBsevi theat each

wavel ength. 5 ktragamikeivnder sheedakeamithecdgaphvelehbhs3 bhatinfor the
| i ght adjuster of the Conparative Exa t he transn155|V|t%g|ncreases at

| ong wavel engt RS tafd ek tB&rFF@GF&FSgﬁgngaﬁ§ﬁ?§§Fv?%yaExéeﬁ e 89PN a
wavel ength of c80@0nmMnandnabaveveandntihehvarhat henohebwersethehd O
weyel engthi b1 400 AR 416 “hopr SRVAACERy 6o AR PeSUTt 'Fn the sase of
usi ng the |ightraadmistsériafy theaCeapaiahpve &Xafpbenmsia pispecti on
approximately 8%. As a result, in the case of using the
light adjuster of the Comparative Example as a projection
screen, the projection screen has a reddish tinge. On
15 the other hand, for the light adjuster of the Example,
there is no such sudden increase in the transmissivity at
long wavelengths, in particular over the wavelength
region from 380 nm to 780 nm, and the variation in the
transmissivity, i.e. the difference between the
20 transmissivity at a wavelength of 780 nm, which is the
maximum transmissivity in this wavelength region, and the
transmissivity at a wavelength of 380 nm, which is the
minimum transmissivity in this wavelength region, is kept
down to not more than 3%. As a result, the variation in
25 the transmissivity can be kept down to within a range
such that there are no problems in practice, i.e. the
wavelength dependence of the transmissivity can be
reduced. Accordingly, it was found that for a projection
screen using the light adjuster of the Example, the
30 projection screen does not have a reddish tinge, and
hence the light adjuster of the Example is suitable for
use as a projection screen.
FIG. 4 is a graph showing the relationship between
the transmissivity of the light adjusters at various

35 scattering angles from -50° to 50° , and the



screen, the projection screen has a reddish tinge. On 15 the other hand, for
the light adjuster of the Exanple, there is no such sudden increase in the
transm ssivity at |ong wavel engths, in particular over the wavel ength
region from380 nmto 780 nm and the variation in the transmssivity, i.e.
the difference between the 20 transmssivity at a wavel ength of 780 nm
which is the maximumtransmssivity in thjss wavel ength region, and the
transmssivity at a mavelength of 380 nm which is the m ni num

transm ssivity_in th th region e o0 not nore than 3%
As a result, th&D 5W|55 %Vn gSPP g??%ﬁ%né%%?gﬁ !@ e kept down to
within a range suchnt Ra6. therEharexng @fo@bEOBS$msp$®QW$CEhei e. the

wevel ength depgadepa .ol L5 br8psaLasluLLy capube Lrgdupeds, fecgrdingly. it

was found that or a jec i'on screen using t adjus er of the
Exanpl e, the SOrgﬂopé@sléhoyérébﬁ é@éétﬁbnﬂgaVéaaSmeﬂﬂlEhtY|h@@loand hence

the light adjuster of Lhe §¥aﬁﬁb§ré§o§&'E?@%etﬁgrgryﬁﬁ &p 9I@rqie§ﬁé@n

screen. FIG 4 is a graph show ng the relationship between
transnissivitytée VA UPl@ﬁttéajﬁ§?éF§réﬂgv5FP6ﬁ§l3§l§b5Yté@?h@ %%@I%%efron1

-50 to 50 , andiyhe 38jtiEaBsMbEStMet ExhiplBecpeesal dheéeciigan ¢P)thdn FIG
4, the axis of abscissas shows the, scattering_angle L}scatt [ ed IlghE and

the axis of oF&?ﬁﬁ?éénghBﬁénPﬁés§EXfFﬁrFﬂbl?r5ﬂ§n¥§§| ey radivster 19t can
be under st ood th@ntbh@agéapheOEthﬁﬂe4obhatthéhgcaatuelﬁé &ﬁ@léCﬁ&m@élng
transm ssiyity ratio_for the oli ust of t anpl e exceeds the

val ue of t%p éfgpteébng rgﬂsni glvﬁ?bc?afﬁg ?8?Pfﬁgl?9gﬁ?g %juster of the
Conpar at i ve Exdepkedeuer blie theattrenismgsanglieyr asgeetidcedom A&Gotdib@]yand

ggggfdfgelscata%ruag 2pahg crAgpepdenge, b Lbei bhaABSILSS! Y1y ! Snd efHgRd-
ay. adjuster of the Example, disturbance of the image at

edges of the projection screen can be prevented when an
15 1image is projected thereon from a light source such as a

rear projector.

Industrial Applicability
As described in detail above, according to a light
20 adjuster and a laminated glass of the present invention,
the variation in transmissivity over a predetermined
wavelength region of incident light incident on the light
adjuster is set to be within a predetermined range. As a
result, the wavelength dependence of the transmissivity
25 in a non-transparent state can be reduced, and hence in
the case of using the light adjuster as a projection
screen, light of long wavelength can be prevented from
being preferentially transmitted and thus the projection
screen can be prevented from having a reddish tinge. The
30 1light adjuster is thus suitable for use as projection
screens.
According to the light adjuster and the laminated
glass of the present invention, the variation in the
transmissivity over the predetermined wavelength region

35 is the difference between the maximum transmissivity and



it was found that for a projection screen using the light adjuster of the
Exanpl e, disturbance of the inmage at edges of the projection screen can be
prevented when an 15 imge is projected thereon froma |ight source such as
a rear projector. Industrial Applicability As described in detail above,
according to a light 20 adjuster and a |lam nated glass of the present
invention, the variation in transm ssivity over a predetermned wavelength
regi on of incident Ilght |nC|dent on the |1 ght adjuster is set to be within
a predeternlneqégggﬁ_ a t@e mavelen ? 8 ggence of %
transmissivity i némﬁgn-FﬁgﬁgﬁiFéﬁf ¥t8¥8rcan Bge Ed8c8d “4ha" heheB in
the case of usi3gy tire tlo B0 adyj, usheérs dd fadepeopecbeodng sotemnreltghn 8% .1 ong

wavel engt h canppe pre%quedt%roghrggkn p&gfghgnE%gk %1 g tgggragg thus
" Fom fe

the projection "screen can be prev vent e avin tirnge
| i ght adjusterwayaﬂamgt®umﬁabbe ﬁ@pmu§§0asmptojé80|om, sbneénQCCApoosdlng to

the |ight agl”%&ﬁrtﬁﬁﬂnhﬁ%rl% Rat ede Qh@§§e9éthh§ BE kﬁ&?BE'Q” the

variation in th transm SSIV y over the pre et er wav e engt regl on 35
's the di ffererd@ et ween behdentix Sum pans ihési o1 rynaﬁdsmeht RBaki AhAtM

transm ssivity Quenf gravalargth b%QbQ@cEronTh§8P1%ﬁﬂtéh F88 &vm i 4 hirsus
di fference bei ng not nDre than 3% As a result e vartation in the

transmi ssi vi t y SVdr2bilife fafaVefeAgt RTPAGEEACRT SRAT88DSnm to 780 nm whi ch

accounts 5 for the mc@rrldtlylgoftot heewayghengtihusegiroanaf thacidenhatbdght, can
be kept do robleggéln practi ce.

The | Lot S0) uteres S HE PEGEEb anPBRTA88” o5 Br of BaiPonTYE
Accor di ng tC)tlmadeqﬂmu adjsust eri refd inhentamAnabédnotO0lgkasshefi Dheé2present
invention, the kﬂ%%% % %%h%k of the diameter D1 of a void converted in
terms of the diameter of a sphere having the same volume
as the voids and the birefringence An is in a range of
15 0.24 pm £ D1*An < 0.32 pum. As a result, the wavelength
dependence of the transmissivity in the non-transparent
state can be reliably reduced, and moreover the
scattering angle dependence of the transmissivity can be
reduced, and hence in the case of using the light
20 adjuster in a projection screen, light of long wavelength
can be reliably prevented from being preferentially
transmitted and thus the projection screen can be
reliably prevented from having a reddish tinge, and
moreover blurring of an image at edges of the projection
25 screen can be prevented. The light adjuster is thus

suitable for use as projection screens.



material has a birefringence An of not |less than 0.12, and the product of
the diameter DL of a void converted in terns of the dianeter of a sphere
havi ng the sane volune as the voids and the birefringence An is in a range
of 15 0.24 m<- D1*An S 0.32 pm As a result, the wavel ength dependence of
the transmssivity in the non-transparent state can be reliably reduced,
and noreover the scattering angle dependence of the transm ssivity can be
reduced, and hence in the case of using the light 20 adjuster in a

proj ection screen, light of |ong maveleggggﬁﬁgan be reliably prevented from
being preferentially transmtted and t proj ection screen can be
reliably prevented fromhaving a reddish tinge, and noreover blurring of an

i mage at edges of the prgj i on e rev ght
adjuster is thus SEItabﬁ ??%b9u§§§%§8%$og%cgp th r%e§§$§q% %{gﬁ
l'i ght adjusterl@dﬁprh@NﬂggaalpéurélctyspélVOi@?ethﬁBleg @a@mu®él$aydof

voi ds theresn, gagh %El%a'@151&8‘Q%tﬁebngléhi&99r¥é£§1am&ﬁQHinCrysﬁéﬁr

material, a pair of substrates that sandw ch said fsta |"ayer
therebetmeen &t ﬁé§§ﬁréﬁ§Sth§5|éaﬁdbéﬁha§éédbb%ﬁ©ldt@éh% ehtye&nd

transpar ent el edlirkbeaklycaonduct b¥et Bhé”@fpégyadgﬁibQBréﬁé@e&@éir\@ facing
surfaces of said 10 substrates, characterize a variatjon in

transmssivity S@QFpérﬁPéde?@PnFﬁéBSpﬁé§8Feﬁg?ﬁtFéﬁ?%%yo?o?%%?ﬁéﬁ? l'i ght
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2. A light adjuster as claimed in claim 1,

15 characterized in that the variation in the transmissivity
over the predetermined wavelength region is a difference
between a maximum transmissivity and a minimum
transmissivity over a wavelength region from 380 nm to
780 nm, the difference being not more than 3%.

20 3. A light adjuster as claimed in claim 1 or 2,
characterized in that said liquid crystal material has a
birefringence An of not less than 0.12, and a product of
a diameter D1 of a void converted in terms of a diameter
of a sphere having a same volume as said voids and the

25 Dbirefringence An is in a range of 0.24 pum < D1*An £ 0.32
pm.

4. A laminated glass comprising a light adjuster
having a liquid crystal layer having a plurality of voids
therein, each of said voids being filled with a liquid

30 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 substrates, characterized in
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characterized in that said liquid crystal material has a
birefringence An of not less than 0.12, and a product of
a diameter D1 of a void converted in terms of a diameter
of a sphere having a same volume as said voids and the

15 birefringence An is in a range of 0.24 pm < D1*An < 0.32
pm.





