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PLANO LENS, REAR-PRQJIECTI ON TYPE PRQIECTOR SCREEN EMPLOYI NG THE "gqu SAME,

AND REAR- PROJECTI ON TYPE VI DEO DI SPLAY APPARAT{S de
BACKGROUND OF THE | NVENTI ON_ Field of the I nvehtj ofREPLACED SHEETSe present
invention relates to a plano lens, i.e., a pl ﬂﬁmmﬁﬁ§u£pr PR /
rear-projection type projector,-a view ng-ang|gf cqgg@p5|n Féﬁé;ﬁf%?d ----------
Fiquid crystal display device, a plasma displgyy %VIQQ@ a e o paged LS
el ectro-1uninescent display device or tht ik gb“;,il #? SPoﬁoﬁP%Fe

for diffusing a back light for a liquid crystial_display, T3ghts- deﬁﬁﬂhous

illumnation |light sources or the like, and further to a screen for—a—+eat

proj ection bYRRoPERkEC! R AR-PRO: JRCTION TYDE ﬁ@ﬁﬁi’faﬂ %&ﬁﬂhhoﬁvﬁﬁéﬁﬁ TR A

rear-projection type’ vi ay apparatus, I.e, SO-C

rear-projection samme mmkﬂPROJﬁ@ﬁde Rty E@N VQf)Ebhﬁxm ebrARATUS
Recently, a prOJectlon type display apparatus for emtting a | um nous fl ux

havi ng a pol ari zation characteristic, e.g., one enploying a |light valve
such as a liquid crystal panel or the Iike has been devel oped. The

proj ection type display appBAGREROUND 0F BEE aINVENRIONcr yst al panel is
arranged such that_ an image | ight spatially nodulated by the liquid
crystal panBie ¢594Hﬁ3%giﬂyeﬁylﬁnpr01ectlon | ens -and t hen prOJected on a
screen. The projecti I nc] udes

t
proj ecti on-type and a%§a§93§8P€Cﬂxéﬁf:%%fe%elates toa p]‘aﬂoeq‘efsl’s -
perspect|ve aVhEYhS "L 6t HERETR! hCrear-projection type projector, a

»  viewing-angle 1ncrea31ng plate of a llquld_crystal dlsplay
-device, a plasma display device, an electro-luﬁinescent display
device or the like, a light diffusion plate for diffusing a back
light for a liquid crystal display, lights of various
illumination light sources or the like; and fﬁrther £o a screeh
for a rear projeetion type projector.
The present invention relates to a rear-projection
. type video display apparatﬁs, i.e, a so-called rear-projection
type projector. |
Description of the Related Art:
Recently, a projection-type display apparatus for
emitting a luminous flux hav1ng a polarlzatlon characteristic,
e.g., one employing a light valve such as a liquid crystal panel

or the like has been developed. The projection tjpe display

apparatus employlnq i llq&ad crystal panel is arranged such that

an image llght_;patlally modulated by the llquld cryspal panel

s : .r
is enlarged by a progectlon lens and then pro%@eged on a screen.
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2 arrangenment of a rear-projection type video display apparatus by which
a user watches, froma front side .of a screen 2, an inmage projected on the
screen 2 froma rear side of the screen 2. The rear-projection type video
di spl ay apparatus has a video projector unit 1 for emtting projection
video light L, a transm ssion type screen 2, and a reflection mrror 3 for
reflecting the projection video light L fromthe video projector wunit 1 to
lead it to the transm ssion type screen 2. This transni ssion
type screen 2, i.e., a rear- projection type proj ector screen is usually
formed of a Fresnel lens and a lenticular lens 5 extended in the height
direction of- the screen n the ection tége vi deo

di spl ay apﬁﬁ?%ﬂ%me%\ﬂ%g FﬁéraBBQE%'H%(}éfﬁ’EnYlg?‘H ﬁ c@PParatys by
converts t jneide n de hL L f Oﬂ]th oj ector
it bt iR AeohR, PPl € e RS RETiAdien 47° pBrEheSe

di ffu t | gl e dir i on
(e s mﬁﬁwﬁ. 3% Al sRthl 81 chdY b Uabebt A ddlln 20! #RL

r ear - pr OJ eﬁéaﬁﬂpidj@cﬁ/i&?(tg@esf}hééo dEpRdy appararas | Nasd JFigrs and
prOJects the projection video light L fromthe video projector unit 1.

Speci fi cal pypjectorvwanit Iwdiorhemitbingameo jeutionedifieon idie: Wr,0jaect ed | i ght
transmtted through the transm ssion -type screen 2. However,

it is freqbEARERigpten kype iFereene2s card a yefdectirarmivrer \d dos di spl ay

apparatus is _generally used jn bri ght om In this case, external
IPght Suchrgggeggipg gh pro;ecﬁ%on v1dg I{g t L from the vfﬁeo projector

unit 1 to lead it to the transmission type screen 2.

This transmission type screen 2, i.e., a rear-
projection type projector screen is usually formed of a Fresnel
lens and a lenticular lens 5 extended in the height direction of
the screen 2.

In the rear-projection type video display apparatus
having the above arrangement, the Fresnel lens 4 converts the
incident projectiqn video light L from the -video projector unit
1 into substantially parallel light, and the lenticular lens 5
diffuses the substantially parallel light in the left and right
direction (i.e., a width direction of the screen 2).

‘Thus, the rear-projection type video display
apparatus usually enlarges and projects the projection video
.light L from the video pfojector unit 1. Specifically, a viewer

' watchés an image obtained from the projected light transmitted
through the transmission type screenm 2.

However, it is frequently observed that the rear-
projection type video display apparatus is generally used in a
bright room. In this case, external light such as room

illumination light or the like is reflected on a surface of the

This Sheet Has Bee

W



illumnation light or the like is reflected on a surface of the

3 ., lenticular lens 5 and a user watches the reflected |light together
with the video light emtted fromthe screen 2, which |owers a contrast of
an image. In order to prevent the contrast of the image from being

| owered, the rear-projection type video display apparatus enploys a nethod
of providing a snoke plate (not shown) in front of the lenticular lens 5
to absorb a part of the disturbance |ight, thereby suppressing the

| owering of the contrast. When the snoke plate is provided as
descri bed above, the snoke plate also absorbs a part of the video |ight

transmtted through the snoke plate simlarly to the _disturbance |ight,
whi ch Iowéﬁ%“BFP&%Fnéggsoﬁvt%ﬂJnQNﬂ$§F rateher the raflecsgdelight pri ght ness,

i gh havi d . ' i d. Thi b
bar Lo | ondioeEnds, wafnqehS Pled TIURE rui BRAR ceadh [FRY sk EeBnnder WA r o 1 or
a tenper atwnvfegg aSUbht PYst O AD indeeSaSe SPRSY RS R PR COoh AR tO N

new proble I ncreasi ng e manu acturing costs ner
pl ano | ensofeAleO imAge! BeohePéikd! 1RIwdrRRS: the rédATBREtIon! ¥Phe SCLESD

enpl oyt ng such plano lens, i.e.; the rear-projection type projector
screen, andiisplayaapparpeasi employsy @ mettiod apppraditimpl ewoke plate pl ano
| ens and such rear- proj ection type projector screen have nmany probl ens.

The  prob{rots showngds inofrenks. of #he lenticularthens éntticc @bsorbeaspaot ned by

extending a_lens _, elenent in the upper and |ower direction (vertical
direction)?f the disturbance light, thereby suppressing the lowering of

“the contrast.

When the smoke plate is provided as described above,
the smoke plate also absorbs a part of the wvideo light
transmitted through the smoke plate similarly to the disturbance
light, which lowers brightness of the image. In order to
increase the brightness, a light source having a larger consumed
power is required. This becomes a bar to lower a consumed power
and brings neceésity of a countermeasure for a temperature
resulting from an increased consumed power, which leads to a new
problem of increasing'the manufacturing costs thereof.

A plano lens employing the lenticular lens, a
transmission type screen employing such plano lens, i.e;, the
rear-projection type projector screen, and a rear-projection °
type video apparatus employing such plano lens and such rear-
projection type projector screen have many érobléms. The
problems are as follows.

(1) In the lenticular lens formed by extending a lens
element in the upper and lower direction (vertical direction),
light is diffused in the horizontal direction, which allows a

user to watch an image even from a diagonal direction. However,
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light is diffused in the horizontal direction, which allows a user to
wat ch an i mage even from a di agonal direction. However,

4 since light is seldomdiffused in the vertical direction

perpendi cular to the horizontal direction, if the user noves his viewoint
in the vertical direction, the user encounters the disadvantages that a
range within which the user can observe a sharp inmage is extrenely narrow
Specifically, as shown in FIG 3A, for exafple, in the rear-projection
type video display apparatus enploying the lenticular lens, as shown by a
line a of FIG 3A, an area within which of light vertically incident on a
plate surface of the Ilenticular_lens is 50 %or |arger has a ,shape of an
elliptic coHeaiight 4sfsglden diffusad inathei YRERIGAL ddgectirBal Iy, if

an area within whjch . at its center, of light diffused in.the horizontal

it oction |REERA{GHIRY, o BE MeEiStRRAl AIESREIPR s 1 B Boeg BRVEF dits

havi ng | 0 : i £ hi e ¥
i 11 usen | o ppipdind A8 enddvEEH oad WiRBRIPRCPend dSbs iiiheRleg L,

its center §fsadvaltQRydthAE aNrafdw vt RAYEN 20ndSuddioWan BbEbive 34
(2) Moreover, since the lenticular Iens has a precise |ens shape on

the whol e sshafgseimayeris extrehelpindafoact lies in a part thereof, the
whol e of the lens can not be used. Therefore, it is necessary to handle
the screen with a cofpedéfibhblyass sHowdoinrFI¢ecint fioxcesamplef in

picture proLected area requires nore_careful handling of the screen
the rear-projection type video display apparatus employing the

lenticular lens, as shown by a line a of FIG. 3A, an area within
which of light vertically iﬁcident on a plate surface of the
lenticular lens is 50 % or larger has a shape of an eliiptic
cone which is flat in the vertical direction. Specifically, if
an area within which at its center of light diffused in the
horizontal direction is 50 % or larger of that obtained at its
center is an area having an angle of about 30°, then an area
within which of light diffused in the vertical direction is 50
% or larger of that obtained at its center is an area having an
angle of about 20° as shown in FIG. 3C.
(2) .Moreover, sinée the 1énticu1ar lens has a precise
lens shapé on the whole surface, even if a slight defect lies in
- a part thereof, the whole of the lens can not be used.
Therefore, it is necessary to handle the screen with a
considerable case. Moreover, recent increase of a picture
projected area requires more careful handling of the screen,
which inevitably leads to the increased costs.
(3) Since the screen formed by combining the Fresnel lens
and the lenticular lens spreads the projected light mainly in

-the horizontal direction, the screen provides a wide angle view
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whi ch inevitably leads to the increased costs. (3) Since the
scrgen fornmed by conbining the Fresnel |ens and the lenticular |ens

spreads the projected light mainly in the horizontal direction, the
screen provides a wi de angle view

5 in the horizontal direction. On the other hand, the screen provides
only a narrow angle of viewin the vertical direction. Therefore, sone

vi ewer recogni ze unevenness of |um nances distribution of an image and a
partial unevenness thereof and sonetines recognize such uneven | um nance
as a horizontal light band. (4) When a bl ack stripe is provided
between lens elenents of _the lenticular |lens, the black stripes cannot be

formed at igh the,herizenkal digectinm: a O Ehe: ethendipndhe the sFEeeNt o

achieve a _suffjcient effect of the le .which | owers .t.he.cantrast of the
i rage and B0 dt? s S T]'P’oﬁ/ P%EB?‘ﬁt‘?@e OE}'—;)\'lew in Wi MRRCY ﬁ&ﬁeF gon.

proj ect ed.‘i‘ﬂ%fc&@yt 8fhe! GQ%P%?%%-E%eO hﬁh@&ﬁﬁés%‘wﬁef X 18nahg

front-projection type video I sp apparatus or e generally
presents adidtdibitidn oF afli iinédt;é’tliﬂd)ra igartiat huhbdeiid ithierdbraafig@nt er
~portion -corresponding to a picture angle is bright and illum nation
gradual | y ssmsrines]aecognitzbesdeh ameven lundndneepas i pliwonizondal light
Therefore, an illum nation distribution of an picture presents a sharp
curve. (o6hand. In the screen forned by conbining the above Fresnel |ens
and the lenticular lens, nultiple reflection of light is roduced between
the Fresnef4)ens andWbRB fcblaciishrinends prP¥hded between lens elements

of the lenticular lens, the black stripes cannot be formed at an
~interval narrower than a predetermined one in order to achieve a
sufficient effect of the lens, which lowers the contrast of the
image and provides a low resolution.
(5) Moreover, since the projected liéht emitted from the
video projector unit 1 or the front-projection type video .
display apparatus or the like genlerally presents an illumination
distribution in which illumination at a center portion
corresponding to a picture angle is bright and illumination
gradually becomes dark in the direction toward a periphery side.
Therefore, an illumination distribution of an picture presents
a sharp cirve.
(6) In the screen fdrmed by combining the above Fresnel
lens and the lenticular lens, multiple reflection of light is
produced between the Fresnel lens and the lenticular lens, which
shows a viewer observed images'which are overlapped one another.
(7) Moreover, it is sometimes observed that optical
interference is produced between the black stripe of the
lenticulgr lens and the projected image and hence a pattern

. resulting from the interference, i.e., a so-called moire occur
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shows a viewer observed i nages which are overl apped one another. (7)

Morepover, it is sonetinmes observed that optical interference is produced
bet ween the black stripe of the Ilenticular Iens and the projected inage
and hence a pattern resulting fromthe interference, i.e., a so-called

noi re occur - . 6 in the observed i mage.
Use of the screen which diffuses |light widely, i.e., the screen having a
so-cal l ed wi de diffusion provides only & Iow gain (lumnance in a direction
at a certain angle of em ssion/ anmount of incident light), i.e, a |ow

| um nance but can provide a flat gain curve having | ess fluctuation with
respect to.gn l‘gn%eeozfv vi ew. On the other hand, the screen having a strong
directivit§ b? %idﬁ% aeﬁiéﬂagﬁrn but-the gain is drastically | owered as the

angl e of vi ew beconegebapgein Hilsedl 38lih AIPRAMLLIGHE dahE1ghops I hat

movenent of an observation position easily changes brightness of ‘& pi'cture

di spl ayed gHe!$Er&di aRivVIMIER S0LELL1ENSPIALAIRLES T 68 P iidshenigkadiewes.
As described in "Characteristics of rear projection screen and neasurenent

met hod t hegabh {bymimamice ihOat diséctimiredd @gyertrincanigloliof Biiskidon5/

(1973), Page 17 to Page 23, especially page 18, since a hunan eye has a
| ogari t hri amounti @f \incgidgnth ligbbdet ii®. | @Briloundumingeee juty jgangpravide
fluctuated within a, substanti al, range of_ a peak val ye. which is tw ce as

hi gh as a Pofddt 9aiRecurye, devingciess AL usivptdPonvhEh gFr§RAGE to an
However, it _is sapd that , if.the gain is,fluctuated ond a range in

T enCr peapalarBE YA, or tnbogeHBE hage L £t Bk ek 6 MY 3 iaRRsla
OCCUrs a SQ@= ;1 L0t o 5RAL | 2Cna~RO0 ORBRAN: sNQREI,0N
correspondiaﬁgg%:ko-'ig;gga?( galdneé(\??mhg'ﬁﬁi éa%gtr}ghq[)&qﬂ%o a?gdl%[@%%%l%%%tl r of the
screen) appewegelOadethe idifI of view béseMsdlilaGge?.t hehadbayaadtalcter, the

nost suitable screen has a peak gain of 3.5 and a gain obtained at a bend
change of the gain shows that movement of an observation
positioﬁ easily changes brightness of a picture displayed on the
screen when a ﬁser observes a screen with the naked eyes.

As described in "Characteristics of rear projection
screen and measurement method thereof" by Emori, "Optical
technology contact" vol. 11, No. 5 (1973, pl7 to p23, especially
pl8, since a human éye has a logarithmic sensitivity-with
respect to luminance, even if the gain is fluctuated within a
édbstantial range of a peak value which is twice as high as a
lowest value, a user recognize only even brightness.

However, it is said that, if the gain is fluctuated
beyond a range in which a peak value is three times as high'as
the lowest gain, then there occurs a so-called hot spot, i.e.,
hot band phenomenon that a portion corresponding to a peak gain
{(which is usually located at.the center of the screen) appears
to be brighter. |

According to the above lettei, the most suitable

screen has a peak gain of 3.5 and a gain obtained at a bend

\
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angle (angle of view) of 30[err] which is higher than 25% of the peak

gai n, A significance of nmeasurenment of screen performance wth
a gain at a certain bend angle will be described with reference to FIGS. 4
and 5. It is assunmed that a rear projector is attached to a

screen having an aspect ratio of 16:9 and a user observes an inmage

di spl ayed on the screen with the naked eyes being located at a position
away fromthe screen by a distance 3H whith is three times as long as a
hei ght H of the displayed picture and being in front of a center position
of the display picture on the screen. The above distance 3H is considered

as a standard. obser atl n di stance.tor NTS | evislo - and a
hi gh- def ﬁ?lgllfaoﬁa’(‘g¥ V&r?"(’HB% 0y e‘ﬁt&‘%}br" glg%er Lﬁan%%ﬁ cﬁn\égl case,
when a V|e£§; oggfﬁves a W de-screen pi cture having an aspect ratio of
9: 16 such a*h of the HDTV, as shown in FIG 4, bend angles in the

vertical, horizontal,p sfﬁ&ﬂ%&&ﬁhc@'chﬁéégﬁ%éﬁé%t905[§éféenfbéﬂﬁbimhhcénd
18. 8[err] at nost, respectively. Further, when a plurality

of viewers widch t;agn atC sk tainh PendNanglé|will bet ueycwabea with screen in
front of the screen with being positioned in parallel to the screen, sone
viewer is [neienemnedtatFﬁGﬁos4tanﬂ15Mn ch corresponds to a w dth-

direction edge of the screen and is positioned away fromthe screen

the di stance 3H, and Watthassunedsthatnafe3r tPHTé’Jﬁ’SlFQH 18 Faheh §9 6‘cat ed
e T & Sk i e ap hs St RS o018l af o NBeY 3BEAYGEs PAf! U e
image displayed on the screen with the naked eyes being located
at a position away from the'screen by a distance 3H which is
three times as long as a height H of the displayed picture and
being in front of a center poéition of the display picture on
the scréen. The above distance 3H is considered as a standard
observation distance for an NTSC television receiver and a high-
definition television (HDTV) receiver.

In this case, when a viewer observes a wide-screen

-picture having an aspect ratio of 9:16 such as that of the HDTV;
as shown in FIG. 4; bend angles in the vertical, horizontal,
diagonal directions are 9.5°, 16.5°.and 18.8° at most,
respectivély.

Further, when a plurality of viewers watch the
screen, as shown in FIG. 5, they watch the screen in front of
the screen with being positioned in parallel to the screen, some
viewer is positioned at a position which corresponds to a width-
direction edge of the screen and is positioned away from the
screen by the distance 3H, and watches the screen with the naked
eyes being located at the same level as.that of the center point

of the displayed.picthre. As a result, as shown in FIG. 5, bend
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angles in the horizontal and diagonal directions are 30.7 and 31.6[err] at
nost, respectively. - -BEven in the above case, it is necessary to
avoid a shading, i.e., a so-called uneven brightness on the screen. In
general, even if the shading of 15%to 50% occurs, it is not so

probl-ematic when a viewer watches the screen with the naked eyes. However,
i f the shading of 70%or larger occurs, it is not permssible. An area
having the shading of 50% or smaller cagsed when a viewer watches an image
di spl ayed on the screen is called a favorable inpression area. If this
favorable inpression area is enlarged, then a screen area suitable for
observation can be enl arged. In a practical projector, the

shadi ng i sapglésuiredhe) hordeonitd@r ahd odijorRll digkeeibndngte 3. 2 Wndeo

i ght projected on a screen and evenness thereof. However, when the
shading = Pds@l tahgnest y despecsivelpen is estimated, it is possible to

such shading in the formof val ues based on a relationship bet ween a peak
gain and a gain obt aiBYS® &R Hhecakeye arsen aﬁgpg_necesgar% to H@WQﬂeg,y
recently, .light projector it enpl gying an optical space nodul ation
devi ce (i. gﬁ?aé“‘?f g’ntg" \?als\?éfagEEH ‘é%e‘r.’?‘e ﬁ%‘ﬁ!‘ﬂwr QRstRe ororeepy d In
crystal di r i n e re.a prpjector

i ncr easi ng?’%héi‘%& a?%%&ﬁiégk%% %?)‘?ld(g:gg %ﬁ%ﬁ q{)?e%ogg?c?gﬁ?! 1I“%le:'rsef"ﬁ’rte,5"t her e

is derrangedbaeﬁaf@rw&i ORI ewaViBEcRes | 1) s@rfe%ﬁ y%haeﬁkl_ e‘ga% a  high

peak gain but also having an effect in which sone usi on the screen

enl arges aryesea Bowewda £ ifforchebshadadhgOosf 70% or larger occurs, it is
not permissible.- An area having the shading of 50% or smaller
caused when a viewer watches an image displayed on the screen is
called a favorable impression area. If this févorable
impression area is enlarged, then a screen area suitable for
observation can be enlarged.

In a practical projecto;, the shading is estimated in
consideration of an incident angle of a video light projected on
a screen and evenness théreof. However, when the shading
resulting only from a screen is estimated, it is possible to
such shading in the form of values based on a relationship
between a peak gain and a gain obtainea.at a certain bend angl=.

" ” However, recently, as a light projector unit
employing an optical space modulation device (i.e., a light
valve) such as a thin-film-transistor liquid crystal display or
the like has been developed more, a projector increasihgly
obtains higher optical output year by year. Therefore, there is
demanded a screen not only having a first effect of achieving a
higﬁ peak gain but also having an effect in which some diffﬁsion

at the screen enlarges an area suitable for observation.

\
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9 SUMMVARY COF THE | NVENTI ON "It is an object of
the present invention to solve the problens of a plano Iens enploying a
| enticular lens and a rear- projection projector screen enploying the:

pl ano | ens. It is another object of the present invention to
secyre both of a screen brightness and sone diffusion and to reduce
manuf act uri ng costs. According to a first aspect of the present

invention, a plano lens includes a tragsparent base nenber disposed on a
i ght em ssion side thereof or light inCidence side thereof and a

m nut e-transparent - bal | di s FOBMARY SR THRANNENEIMeast minute transparent
balls two-dinensionally in a single grain | ayer on the transparent base

menber so that the mindkeahr ebj¢et ol thel peesdht phpashtadiraeensol ve eeltd
ot her shoul d be disposed in contact wth or close to each other, and a

col ored | pyebleins pof cal plangs leng emploringi@ dengiculannkgnrs and iBakearto
outside on the |light incidence side. The m nute-transparent-ball disposing
| ayer hasPrRASFELPBRECISIHAL SCERSH SBPIRPY Y hej phanenleRF on side end
portion of the m nut Lransgﬁbent ccor di a second

bal | .. . d t
aspect of the present® 5 Ak ?Bn?bieqteﬁf- P8j BERFRRE (I8 _ 3 % &Por screen
i ncl udes "?secu%aBBth:é‘f 34 g?b?:lfi.gﬁf.ﬂé‘é§ !Hdléi;%ﬁef“gg??ﬁs%ﬁ pﬁﬁfg:ogn a

| i ght em ssi on Si hereo I'nci ce sr ereof an

M nut e- t r JRIRREERANBRAELEYF SRPTHo3Esl.ayer having at |east mnute
transparent balls two-dinensionally in a single grain |layer on the

transparent base nenierorstindghab hh€irstdspdotangpehenprésents invdntpoacd
adj acent to each other should be disposed in contact with or close to
each ot herg pliagioalenboircludgsra direpspatenb base member disposed on a
' light emission side thereof or light incidence side thereof and
a minute~transparent-ball disposing layer having at least minute
transparent balls two-dimensionally in a single grain layer on
the transparent base member so that the minute transparent balls
disposed adjacent to each other should be disposed in contact
with or close to each other, and a colored layer disposed so as
fo expose the minute transpérent balls to outside on the light
incidence side. The minute-transparent-ball disposing layer has
an improved liéht.transmission at a light emission side end
portion of the minute transparent ball.
According to a second aspect of the present
invention, a rear-projection type projector screen includes a
plano lens having a transparent base member disposed on a light
emission side thereof or light incidence side thereof 'and a
minute-transparent~ball disposing layer héving at least minute
transparent balls two-dimensionally in a single grain layer on
the transparent base member so that the minute transparen£ balls
| disposed adjacent to each other should be disposed in contact

with or close to each other, and a colored layer disposed so as
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10 to expose the mnute transparent balls to outside on the |ight

I nci dence side. The m nute-transparent-ball disposing |ayer has an

i nproved |ight transmission at a |ight em ssion side end portion of the

m nute transparent ball. According to a third aspect of the

present invention, a rear-projection type video display apparatus includes

a video projector unit and a transm ssi type screen. The transm ssion

type screen includes a transparent base nber di sposed on a |ight

em ssion side thereof or light incidence side thereof, and a

m nut.e-transparent-ball disposing |layer having at | east mnute transparent

balls two-dinensionally in a single grain Igyer on the transparent base

menber so tOhSEPPRE Bhe Rt trsRsPRLeRl| Palls)its, Qut§148) QR etie tli®idch

ot her shoul d.be disposed ifn contact .with or clqgse ta.each.other. and a

ol or ed | ayciaanEE,8aaes, The Wl aheparartia s AR0RE: Bk e 355

outside o | k DC] i T ' - e di sposi ng
rhntaﬁi‘nph:b%h éigﬁé %fef}fr?snﬁs%%.on Qe I‘%&rﬁ :ﬁ;ﬁ%%&%ﬁ Qia&aérife

| ayer has nprove I g ransm ssi on at t em ssion si end

portion ofpddid ol Bt hb! AHPEE Yan3palrent ball. BRI EF DESCRI PTI ON
OF THE DR&VVNGS FIG 17is a structural diagramshow ng a rear-
proj ection type vi demcebsdimy tappathlivd; aspect of the pFéSenf imvemtion,
perspective view of a screen of the rear- proj ection type video display
appar at us &reer-projection type video display Ippaxatusiiiagludeshavwidpa

di stribution of il lymnation at a certain |evel or higher of |ight

proj ect ed BFPIectqy ¥Rdt 8Rd JrtrARSRIRSIof: tYRR FEERr ﬂg’@cf:iféﬂs?ﬁfe’-‘?}} deo

type screen includes a transparent base member disposed on a
light emission side theréof or light incidenée side thereof, and
a Tinute-transparent;ball disposing layer having at least minute
transparent balls two-dimensionally in a single grain layer on
the transparent base mgmber so that the minute transparent balls
disposed adjacent to each other should be disposed in contact
with or close to each other, and a colored layer disposed so as
to expose the minute transparent balls to outside on the light
incidence side. The minuté-transparent—ball disposing layer has
an improved light transmission at a light emission side end
portion of the minute transparent ball.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structural diagram showing a rear-
projection type.video display apparatus;

FIG. 2 is a perspective view of a screen of the rear-
projection type video display apparatus shown in FIG. 1;

FIG. 3A is a diagram showing a distribution of
illuminétion at a certain level or higher of light projected on
a plano lens or a screen of the rear-projection type video

display apparatus shown in FIG. 1;
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di spl ay apparatus shown in FIG 1, _ FI GS. 3B and 3C
are diagrans used to explain the distribution shown in FIG 3A

FIG 4 is a diagramused to explain a bend angle obtained when a user
observes a screen; FIG 5 is a diagramused to explain a bend
angl e. obtai ned when a user observes a screen; ) ~ FIG 6is a

di agram showi ng an exanple of a rear- projection type video display
apparatus enploying a screen according tq,the present invention;

FIG 7 is a diagram showi ng anot her exanpleé of a rear-projection type

vi deo di spl ay apparatus enploying a screen according to the present

i nventi on; FIG 8 is a cross-sectional view of a screen of the
rear-projection type ¥IGeQ SBSPMd3CRIR’ aiH§rans Ashddd expbiginPEgseNt

i nvention; FIG 9 is a schenmatic, cross-sectional view of a

pl ano | ens distrbukion oendingFIG. a3A; r st embodi nent of the pr esent

I nventi on; FIG 10 is a schematic, cross-sectional view of a
pl ano |l ens or a screeﬁlﬁecérwr@ dingratessed tatRxp kAN apbendeangpeesent

i nventi on; S a schematic, cross-sectional view of a
pl ano | ens 8Ptﬁl§%qé@ﬁ”hébHF&Fnab?%F¥P§rﬁrﬁ?ngﬁﬂodlnent of the present

i nvention; FIG. 5 is a diagram used to explain a bend angle

obtained when a'user observes a screen;

FIG. 6 is a diagraﬁ showing aﬁ example of a rear-
projection type video display apparatus employing a screen
according to the present invention;

FIG. 7 is a diagram showing another example of a
rear-projection type video display apparatus employing a screen
according to the present invention;

FIG. 8 is a cross-sectional view of a scfeen of the
rear-projection type video display apparatus according to the
present invention;

FIG. 9 is a schematic, cross-sectional view of a
Plano lens or a screen according to a first embodiment of the
present invention;

FIG. 10 is a schematic, cross-sectional view of a
plano lens or é screen according to a second embodiment of the
presént invention;

FIG. 11 is a schematic, cross-sectional view of a
plano lens or a screen according to a third embodiment of the
present invention;

FIG. 12 is a schematic, cross-sectional view of a

plano lens or a screen according to a fourth embodiment of the

present invention;
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FIG 12 is a schematic, cross-sectional view of a pl ano | ens or a screen
according to a fourth enbodi nent of the present invention;

12 FIG 13 is a schematic, cross-sectional view of a plano

| ens or a screen according to a fifth enbodi nent of the present invention;
FIG-.14 is a schematic, cross-sectional view of a plano |l ens or a screen
according to a sixth enbodi nent of the present invention; Fl G
15 i's a schematic, cross-sectional view @k a plano |lens or a screen
according to a seventh enbodi nent of the present invention;

FIG 16 is a schematic, cross-sectional view of a plano lens or a screen
according to an ei ghth enbodi nent of the present invention;

FIG 17 is a schematiRIG.cl3sissacschemdtid cwrossaseptaomal eniewofaascr een
according to a ninth enbodi nent of the present invention, FI G
18 is a scPeABP| tengrex A Fmqaaccerdingitq a fHifihoembadimenty of then
according to a tenth enbodi nent of the present invention;

FIG 19 isPXeSeRERYRIt9ss-sectional view of a plano |ens or a screen

according 1o an el evegid GI9Y 1Pllndhae 1 NS ALEAL LN A of

FI G ZQ is a schemati'c, : Vi'ew O ano | ens or 3 screen
accordi ng A Ao MehE! 8r eabsek dBi lac¥orliifig to a sixth embodiment of the

present invention;

FIG. 15 is Va scheﬁatic, cross-sectional view of a
plano lens or a screen according to a seventh embodiment of the
present invention;

FIG. 16 is a schematic, cross-sectional view of a
plano lens or a screen according to an eighth embodiment of the
present invention; |

FIG. 17 is a schematic, cross-sectional view of a
plano lens or a screen according to a ninth embodiment of the
present invention;

FIG. 18 is a schematic, cross-sectional view of a
plano lens or a screen according to a tenth embodiment of the
present invention;

' FIG. 19 is a schematic, cross~sectional view of a
plano lens or a screen according to an eleventh embodiment of
the present invention;

, FIG. 20 is a schematic, cross-sectional view of a
plano lens or a screen according to a twelfth embodiment of the
present invention;

FIG. 21 is a schematic, cross-sectional view of a
plano lens or a screen according to the present invention with

an anti-reflection layer;
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present invention; FIG 21 is a schematic, cross-sectional
view of a pl ano I ens or a screen according to the present invention with

an anti-reflection | ayer; FIG 22 is a schematic,
cross-sectional view of a plano lens or a screen according to the present

I nvention wwth an anti-reflection |ayer; : FIG 23 is a
schematic, cross-sectional view of a plano |lens or a screen according to
the present invention with an anti-reflggtion |ayer; FIG 24
is a schematic, cross-sectional view of a plano | ens or a screen according
to the present invention with an anti-reflection |ayer; FI G

25 is a schematic, cross-sectional view of a plano |lens or a screen
according to the preBR&t 221dsnia schemhbicarcrods—-seeftlienailovitwyet ;a

FIG 26 is a schematic, cross-sectional view of a plano Iens or a screen
accor di ng mlﬁllmé%ﬂse%nﬁ saveen jagraofding 4a bhejpregent tinyentiperwith

FIG 27 is a schematic, ¢ross-sectional view of a plano |ens or a screen

accordi ng ¥ qQE}THQ£%§ﬁFlPHV%ﬁ¥?%H1\M th an anti-reflection |ayer;

FIG 28 is a schennt] crpss-sectional .vi ew 0 n €ns OL a screen
accordlng to the preggﬁf #%v%ﬁnﬁ<ﬁ?QﬁWﬁ? 'aﬁr%ﬁﬁTg?QS%Q§§i Xﬁewagéra

plano lens or a screen accordlng to the present invention with
an anti-reflection layer;

FIG. 24 is a schem&tic, cross-sectional view of a
plano lens or a screen according to the present invention with
an anti-reflection layer;

FIG. 25 is a schematic, cross-sectional view of a.
plano lens or a screen according to the present invention with
an anti-reflection layer;

FIG. 26 is a schematic, cross-sectional view of a
plano lens or a screen according to the present invention with
an anti-reflection layer;

FIG. 27 is a schematic, cross-sectional view of a
plano lens or a screen according to the preéent invention with
an anti-reflection layer:;

FIG. 28 is a scheﬁatic, cross-sectional view of a
plano lens or a screen accdrding to the presént invention with
an anti-reflection layer;

FIG. 29 is a schematic;.cross~sectional view of a
plano lens or a screen-according to the present invention with
an anti-reflection layer;

FIG. 30.is a schematic, cross-sectional view of a

plano lens or a screen according to the present invention with

an anti-reflection layer;
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FIG 29 is a schematic, cross-sectional view of a pl ano | ens or a screen
according to the present invention with an anti-reflection |ayer;

FIG 30 is a schematic, cross-sectional viewof a plano lens or a screen
according to the present invention with an anti-reflection | ayer;

14 . FIG 31 is a schematic, cross-sectional view of a plano lens or a
screen according to the present invention with an anti-reflection |ayer;
FIG 32 is a schematic, cross-sectional vitdw of a plano lens or a screen
according to the present invention with an anti-reflection |ayer;

FIG 33 is a graph used to explain dependence of a refractive index of a -
m nute transparent ball on_an, angle_of vie 34A, OE%P and

,ew, FI.GS. .
34C are distributioﬁ§G°0?1i*§lﬂﬁﬁ%@?@ﬁﬁ?cgg?FP%ﬂﬁfqﬁﬁlﬁﬁﬁﬁegé?w
tively: FI.G. 35 is adi o di stri hullonaf a.
ofFacti ve PEIS 1508 178 5 $sePeradi Uil TE0EhA sy MV ifh Bien .

i nvention; an antif%é%léﬂiﬂd%hiayéﬁgra”‘Sho“‘ng distribution of a refractive
i ndex of the plano | ens or the Screen according to the present invention;

FIG 37A is a diagramratQwspgi€ 4isdHdniiconcodssldaevtiviialonialw afcertain
| evel or higher of light projected on a plano lens or a screen of the

r ear - pr oj ecpilanot Jems \oxieo sdtirephagcoppding o &beopréesent dnvenyioaswith

i nventi on; _FIGS. 37B and 37C are diagrans used to explain the

di st ri but i oANagRbidreElectiate lgvesent i nventi on; FIGS. 38A to 38C

are graphs used to explain gistributions of iIIuniggnce ai.n and ECQeen

| umi nance of the pl and ¥%&ngd30tSt AR AL 8 BFRLATD qer?%“&eégﬁn?

refractive index of a minute transparent ball on an angle of
- view;

FIGS. 34A, 34B and 34C are distributions of
illumination, gain and brightness, respectively;

- FIG. 35 is a diagram showing distribution of a
refractive index of the plano lens or the screen according to
the present invention;

FIG. 36 is a diagram showing distribution of a
refractive index of the plano lens or the screen according to
the present invention;

FIG. 37A is a diagram showing a distribution of
illumination at a certain level or higher of light projected on
a plano lens or a screen of the rear-projection type video
display apparatus according to the present invention;

FIGS. 378 and 37C are diagrams used to explain the
distribution acCofding to the present invention;

FIGS. 38A to 38C are graphs used to distributions of
illuminance, gain and screen luminance of the plano lens or the
screen according to the present invention;

FIG. 39 is a diagram used to explain measurement of
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I nventi on; FIG 39 is a diagramused to explain measurenent of

15 . lunminance of the screen according to the present invention;
FIG 40 is a diagram show ng an arrangenent of the screen according to the
present invention; FIG 41 is a graph show ng | um nance curves

obtained when a mnute transparent ball of one kind is used.;

FIG 42 is a graph showi ng | um nance curves obtai ned when the m nute
transparent balls of two kinds having re¥Factive indexes of 1.9 and 1.6
are used; FIG 43 is a graph showi ng | um nance curves obtai ned
when the mnute transparent balls of two kinds having refractive indexes
of 1.9 and 1.6 are u%eg' H.G 44 tg a ]_g%aeo - s.hoveM' ng | um nance
curves obtHIIRAANGHQF £RE ﬁ??ﬁﬁ?}?ﬁ%ﬂﬁéﬁﬁgeﬁ? ? | RESFE - WERS oHaving
refractive indexes 1. . u - 11S. @ graph
show ng | um nance cu?%gé 4?) ta%dr?égqa glr? ?’ﬁgwﬁ%uatne atrrraarll1 gglkgﬁtéga\u?es of two

ki nds havi §gréét} 'Rddrfing BECERE Pfedet andehtborfe used; FIG
46 is a graph showi ng | um nance curves obt ai ned when the m nute

transparent balls of FIGo &ints dadaph sabwanyi hemindmeexarvet dbfahmst 1.9
are used; FIG 47 is a graph show ng | um nance curves obtai ned
when t he nwhen e tnimsmateansparest dhallvetkiongskhndi g wegdacti ve i ndexes
of 2.1 and 1.8 are used; - FIG .48 is a graph show ng | um nance
curves obt ai ned FIG. 42 is a graph showing lumindnce curves obtained
when the minute transparent balls of two kinds having refractive
indexes of 1.9 and 1.6 are used;

FIG. 43 is a graph showing luminance curves obtained
when the minute transparent balls of two kinds having refractive
indexes of 1.9 and 1.6 are used;

FIG. 44 is a graph showing luminance curves obtained
when the minute transparent balls of two kinds having refractive
indexes of 1.9 and 1.6 are used;

FIG. 45 is a graph showing luminance curves obtained
when the minute transparent balls of two kinds having refractive
indexes of 1.9 and 1.6 are used;

FIG. 46 is a graph showing luminance curves obtained
when the minute transparent balls of two kinds having refractive
indexes of 1.9 and 1.6 are used;

FIG. 47 is a graph showing luminance curves obtained
when the minute transparent balls of two kinds having refractive
indexes of 2.1 and 1.9 are used;

FIG. 48 is a graph.showing luninance curves obtained
when the minute transparent balls of two kinds having refractive

indexes of 2.1 and 1.8 are used;

FIG. 49 is a graph showing luminance curves obtained
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when the mnute transparent balls of two kinds having refractive I ndexes

of 2.1 and 1.7 are used; FIG 49 is a graph show ng | um nance
curves obt ai ned _ _ 16 when t he
mnute transparent balls of two kinds having refractive indexes of 2.1 and
1.6 are used; _ FIG 50 is a graph show ng | um nance curves
obtained when the mnute transparent balls of two kinds having refractive
i ndexes of 2.1 and 1.5 are used; 16 FIG 51 is a graph show ng

| um nance curves obtained when the mnute transparent balls of two kinds
having refractive indexes of 2.1 and 1.8 are used; FIG 52 is

a graph showi ng | um nance curves obtained when the m nute transparent

bal | s of twsh@hnthe minute tehnaparest baldexef tfvolk fnde chavihg@prefraedive
FIG 53 is a graph showi ng | um nance curves obtained when the mnute

t ranspar ent 153% S AL t3wd BDAdS -Radragusedir active indexes of 1.9 and 1.6are

used; FI 4 Ls @ graph show ng | um nance curves obtai ned
when the mnute trangﬁggknFabéfl§ é%aﬂnm§h?WHB§ haminapee cuzyesy ebtakerg es

of 1.9 and : Fl 55 is a,qr show ng | um nance
curves obt a%ﬁgaaéﬁ%@qﬁ?e t%agapgr{epgng%]gseﬁ& 4P Egﬂ‘igt ‘”rﬂ%d%fl’féﬁ'r‘ﬁ&e
refractive iniagesest of .1l dhdidelade Hibedised: | FIG 56 is a
graph show ng | um nance curves obtal ned when the minute transparent balls

of two kinds having refmcacsivés a graph showing luminance curves obtained
when the minute transparent balls of two kinds having refractive

indexes of 2.1 and 1.5 are used;

FIG. 52 is a graph showing luminance curves obtained
when the minute transparent balls of two kinds having refractive

indexes of 1.9 and 1.8 are used;

FIG. 53 is a graph showing luminance curves obtained
‘when the minute transparent balls of two kinds having refractive

indexes of 1.9 and 1.7 are used;

FIG. 54 is a graph showing luminance curves obtained
when the minute transparent balls of two kinds having refractive

indexes of 1.9 and 1.6 are used;

FIG. 55 is a graph showing luminance curves obtained
when the riinuite transparent balls of two kinds having refractive

indexes of 1.9 and 1.5 are used;

FIG. 56 is a graph showing luminance curves obtained
- when the minute transparent balls of two kinds having refractive

indexes of 1.8 and 1.7 are used;

FIG. 57 is a graph showing luminance curves obtained
when the minute transparent balls of two kinds having refractive

indexes of 1.8 and 1.6 are used;

FIG. 58 is a graph showing luminance curves obtained
_\_

—_—
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I ndexes of 1.8 and |.6 are used; FIG 57 is a graph show ng
| um nance curves obtained when the mnute transparent balls of two kinds

having refractive indexes of 1.8 and 1.5 are used, FIG 58
is a graph show ng | um nance curves obt ai ned '

17 . when the minute transparent balls of two kinds having refractive

I ndexes of 1.7 and 1.6 are used; FIG 59 is a graph show ng

| umi nance curves obtained when the minkfe transparent balls of two kinds
haV|ng refractive indexes of 1.7 and 1.5 are used; ' FIG 60 is

a graph show ng | um nance curves obtained when the m nut e transparent

balls of two kinds having refractive indexes of 1.6 and 1.5 are used; and

FIG 61 | ¥hgngERenmingte fransparenteballs &f dnakingds DR®ING Hetrackive

transparent balls gf tgr dlﬁ s _havin refractive |ndexes of 1.7, 1.8 and
1.9 are u 8exes o an are use

DESCR! PTI ON OF THE P%E%%E@sEyngaaﬁw&wmg uminanb8l 44 onibangal enses

and rear-projection type
when the minute transparent balls of two klnds having refractive

indexes of 1.7 and 1.5 are used;

FIG. 60 is a graph showing luminance curves 6btained
when the minute transparent balls of two kinds having refractive
indexes of 1.6 and 1.5 are used; and

FIG. 61 is a graph showing luminance curves obtained
when the minute transparent balls of three kinds having
refractive indexes of 1.7, 1.8 and 1.9 are used.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structural diagram showing a rear-
projection type video display apparatus;

FIG. 2 is a perspective view of a screen of the rear-
projection type video display apparatus shown in FIG. 1;

FIG. 3A is;a diagram showing a distribution of
illumination at a'céftain level or higher of light projected on
a plano lens or a screen of the rear-projection type video
display apparatus shown in FIG. 1;

FIGS. 3B and 3C are diagrams used to explain the
distribution shown in FIG. 3A;

FIG. 4 is a diagram used to explain a bend angle
obtained when a user observes a screen;

FIG. 5 is a diagram used to explain a bend angle
obtained when a user observes a screen:;

FIG. 6 is a ;
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proj ector screens enploying the plano | enses according to enbodi nents of
the present invention wll be descri bed. Each of the plano | ens

according to the enbodi nents of the present invention has, as shown in

FIGS. 9 to 32 which are cross-sectional views thereof, a transparent base
menber 11 provided on at |east one of a light em ssion side or a |ight

i nci dence side, and a m nute-transparent-ball disposing |ayer 14 having at
| east minute transparent balls 12 dispased two- dinensionally on the
transparent base nenber 11 so as to forma single grain layer and to be in
contact with or close to one another, and having a colored |ayer 13 used
for exposing a part

of each of the mnute transparent balls 12 to the
outside on the |ighig.ngi denge; side.

The m nute-transparent-ball disposing
| ayer 14 is arranged so as to enhance transmttance of the mnute
transparent ball 12 miG.t Beikight em ssion side end portion. As will be.
described | ater on, since the mnute

t ransparent bal
i nci dent |ight,

12 converges the

it iBIGs®f fiscReht for the mnute transparent ball 12 to
have a small area where light is emtted, and hence the
nmi nut e-t ranspar ent - FHad 11&i2$pBsing | ayer 14 may have a small area having
high transmttance. is a s Each of rear-projection type video
di spl ay appar at us gf%bfﬁﬁﬁb to’first and second enbodi nent of the present
invention will be de§ I is a ; 19
The rear-projection type V|d%o di spl ay apparatus has

, , as shown in FIGS. 6
and 7 which are schegggi, cy8liggraans show ng -

FIG. 14 is a ;
FIG. 15 is a

FIG. 16 is a

-

FIG. 17 is a

~e

FIG. 18 is a

~9

FIG. 19 is a

-8

FIG. 20 is a

-e

FIG. 21 is a

L1

FIG. 22 is a

-e

'FIG. 23 is a

-4

FIG. 24 is a

-t

FIG. 25 is a

“-ue’

FIG. 26 is a

“s

FIG. 27 is a

~0

FIG. 28 is a

-e

FIG. 29 is a

L 1)

FIG. 30 is a

b1l

FIG. 31 is a

e

FIG. 32 is a

-e

FIG. 33 is a
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exanpl es of an arrangenent thereof, a video projector unit 1 and a
transm.ssion type screen 10S. The rear-projection type video

di spl ay apparatus shown in FIG 6 has a projecting apparatus 60 having the
video projector unit 1 on a back side of the transm ssion type screen

| 0S. Projected light emtted fromthe projecting apparatus 60 is projected
on the screen 10S, and a viewer watches an image obtained fromthe
projected light transmtted through the sgyeen 10S and diffused thereby in
the vertical and horizontal directions, fromthe front of the screen |0S.
The rear-projection type video display apparatus shown in FIG 7 has the
transm ssion type screen 10S at the front face of a case body 61. An inage
obtai ned fromiight f¥¥m 3¢hdsvadeo projector unit 1 provided in the case
body 61 is reflecteqﬁgy % reflection mrror 3, and a viewer watches an

i mge obtained fromt P aiéétédilight transmtted through the screen 10S
and di ffused thereby'%§§}ly% ygriical and horizontal directions, fromthe
front of the screen 10S. ’ The transm ssion type screen | OGS

enpl oyed by these rqgn;p@qjggt%on type video display apparatus shown in
FIGS. 6 and 7 enploys a plano Iehs having a special arrangenent described
later on. Specifical IBic.agsshgwg in FIG 8 which is a schematic,
cross-sectional view of the plano | ens, the plano |ens has transparent
base nmenbers 11 and &XGr 89%dispased on both of the light em ssion side and

the light incidence side of the _ 20
FIG. 40 is a

-e

FIG. 41 is a ;

FIG. 42 is a

~e

FIG. 43 is a

~e

FIG. 44 is a

L1J

FIG. 45 is a

~e

FIG. 46 is a

~e

FIG. 47 is a

-9

FIG. 48 is a

e

FIG. 49 is a

~e

FIG. 50 is a

-4

FIG. 51 is a
FIG. 52 is a

-

“e

FIG. 53 is a

A1)

FIG. 54 is a

1]

FIG. 55 is a

-s

FIG. 56 is a

e

FIG. 57 is a

s

FIG. 58 is a

~s

FIG. 59 is a

-

- .
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screen 10S, and the mnute transparent ball disposing |ayer 14 disposed
between the transparent base nenbers 11 and 41. The mnute transparent
bal I' di sposing |l ayer 14 has the minute transparent balls 12 di sposed
two-di nensionally on the transparent base nenber 11 so as to forma single
grain layer and to be in contact with or close to one another. The m nute-
transparent-ball disposing |layer 14 has at |east the colored |ayer 13 used
for exposing a part of each of the m nut20 transparent balls 12 to the
outside on the light incidence side. In FIG 8, anti-reflection |ayers 28
are formed on both of outer side surfaces of the screen 10S.

The transm ssion type screen |0S formng the plano Ilens, the
rear-projection type PE®; &t dis &creen, and the rear- projection type video
di spl ay appar at us accordiggsto the]Present i nvention will be described.

Herei nafter, the transRESSRERTIGNLF IHE FREFEBRED MBARIMENTS0 | ens, the
rear-projection type [ O] ector scree and the rear-projection type video
di spl ay apparatus ac£‘8+5+ ¥ @oeﬂﬁgﬁ?ﬁe?ﬂi - (] #P#‘é‘g%??re}a{é/eg as the
pl ano lens é?é?%é@dﬁgsEQ bis &h nd BH"b130o lenses accord@ﬁ I ggo lens 10
according t I rst enbo men?fé#E éﬁ%e resent 1nvention s gwn in FIG 9
has a trans@meiimdidseof €REDEEeddnt RMAtIbnawdl BIe ddeiridled. havi ng
rigidity or a plastic substrate or a flexible substrate and di sposed on
t he i ght emi'ssion Eadh of the glan® lensSpecofdixed o the ehbsdimsers a
m nut e-transparent-ball disposing |ayer. 14 is formed on the | i ght
i nci dence s¢fiethd presemtgispentihenprs, mAstisbownlin| RIGHhe 2 tHa B2t which
enbodi nment, the ninute-tnansgarent-ball disposing | ayer 14

are cross-sectional views thereof, a transparent base member 11

provided on at least one of a light emission side or a light

incidence side, and a minute-transparent-ball disposing layer 14

having at least minute transparent balls 12 disposed two-

dimensionally on the transparent base member 11 so as to form a

single grain layer and to be in contact with or close to one

another, and having a colored layer 13 used for exposing a part

of each of the minute transparent balls 12 to the outside on the

light incidence side. The minute-transparent-ball disposing

layer 14 is arranged so as to enhance transmittance of the

minute transparent ball 12 at the iight emission side end

portion. As will be described later on, since the minute

transparent ball 12 converges the incident light, it is

sufficient for the minute transparent ball 12 to have a small

area where light is emitted, and hence the minute-transparent-

ball disposing layer 14 may have a small area having high

transmittance.

Each of'rear-projection type video display apparatus

according to first and second embodiment of the present

invention will be described.
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is formed such that mnute transparent balls 12 are disposed densely in a
single grain layer with the adjacent mnute transparent balls 12 being
sufficiently close to each other or in contact with each other and that
each of the minute. transparent balls 12 is partially buried in a colored
| ayer, 13 havi ng adhesi on or cohesion and fixed therein. Specifically,

each of the minute transparent balls 12 is disposed with its [|ight

i nci dent end side portion corresponding t8130% or larger of a diameter of
the mnute transparent ‘ball 12 being projected fromthe colored | ayer 13
and its light em ssion end side portion being buried therein. Each of the
m nute transparent balls 12 is in contact with the transparent base nenber
11 directly or throufhearsaf+pmojration bype poidewmrisplaycappavatus chees, 13
at the light em ssion end side of the mnute transparent ball 12.
Therefore, a8 $hewn ightF16H.s& apdehdwkich are pghematie JHaqramse shewing

' dwth t i ght bei b d by.the colored I 13.
Thus. of aneXABRHES G1F (4R AL opaRReRY YHFRa AP AAES R L Eal | 213

the Iight a I d layer 13 is reduced. An area
where the gorrgg% s@féﬁégﬁ%@%s%gggégb@fhe_ colored layer 13 is reduced can
be set as a mnute ar ‘i@ae%ehb%fb?#t%tféﬁe 8Ny £dso Sii%‘g)ﬂy TaBg,arHl:ﬁ‘é't €

transparent ball 12. ano |l ens according to the
first enbgdowRnin Wi@N 4 MRisd@nprohebting appapatak! 6b haeitg theepigssnting

a projected image or the like is made incident on the exposed mnute

t ranspar ent pelject@rainithd mimat back sidesplirthet tbahbnilssiositypd speeend

fromthe opposite side . ' : '
10s. Projected light emitted from the projecting apparatus 60
is projected on the screen 10S, and a viewer watches an image
obtained from the projected light transmitted through the screen
10s and diffused thereby in the vertical and horizontal
directions, from the front of.the screen 10S.

The rear-projection type video display apparatus
shown in FIG. 7 has the transmission type screen 10S at the
front face of a case body 61. An image obtained from light from
the video projector unit 1 provided in the case body 61 is
reflected by a reflecéion mirror 3, and a viewer watches an
image obtained from the projected light transmitted through the
screen 10§ and diffused thereby in the vertical and horizontal
directions, from the front of the screen 10S.

The transmission type screen 10 S employed by these
rear-projection type video display apparatus shown in FIGS. 6
and 7 employs a plano lens having a special arrangement
described later on. Specifically, as shown in FIG. 8 which is a
schematic, cross-sectional view of the plano lens, the plano

lens has transparent base members 11 and 41 are disposed on both

of the light emission side and the light incidence side of the
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22 thereof with respect to the transparent base nmenber 11, the
incident light Li is converged and then diverged due to a lens effect by
the minute transparent ball 12 and hence emitted light Lo is diffused.
Thus, a diffusion plano lens or view angle enlarging plano lens is forned.
As descri bed above, the area where the anmount of |ight absorbed by the
colored layer 13 is reduced is forned at the em ssion end of each of the
m nute transparent balls 12, thereby tR2 em ssion |ight being allowed to
be efficiently emtted in the front direction of the plano | ens 10. Since
light is converged by each of the mnute transparent balls 12 and then
emtted, it is possible that the above area of each of the mnute

t r anspar escrbgeh| 3092 and;thewmduueeateanspanan; bhdl éé$p¢sin9e%ﬁmer134 i.e.

a light absorbing layer lies around the above area, external ggé Ld |s
ef f ect i veP}SRBSS ‘fﬁ)ert e GGPBPEGW’&?é?aSﬁ%“‘&ﬁ‘Heﬁ‘én%E ct i vely

d_f, dd Ther ef
possi bl - MABOEPr BERT GRS Sk AERROEENY TaSeroR b eﬁ%}%ﬁ ayed on a
screen fr Quafe) th%afgsecigkg gé%gbgéd %ﬁ-cﬁﬂedé%%gl%g on the Pl ano

| enses 10 acco |ng to nts herei nafter

be descri kednyphreht! Basd GRoner 11! 66- aéoté CEokén al BihGES gd&id aaler | i ke

parts corresponding to those shown in FIG 9 are marked with the sane

r ef er ence andnttgebel inacohtwes widhh be brose sty idned anotterai | The minute-

FIG 10 is a diagramshowi ng a plano |l ens 10 according to a.second

enbodi mnenttuanspaseptebahl disposiingnlayer 14 Hwss@dodeastbbbe negkoredie pl ano

| ens 10 has an arrangenent )
layer 13 uséd for exposing a part of each of the minute
transparent balls 12 to the outside on the 1ight incidence sidé.-
In FIG. 8, anti-reflection layers 28 are formed on both of outer
side surfaces of the screen 10S.

The transmission type screen 108 forming the plano
lens, the rear-projection type projector screen, and the rear-
projection type video display apparatus according to the present
invention ﬁi;l be described. Hereinafter, the transmission type
screens forhing the plano lens, the rear-projection type
projector screen, and:the rear-projection type video display
apparatus according to the embodiments are all referred to as
the plano lens according to the present invention.

A plano lens 10 according to a first embodiment of
the present invention shown in FIG. 9 has a transparent base
member 11 formed of a glass sgbétrate having rigidity or a

| plastic substrate or a flexible substrate and disposed on the
light emission side of the lens 10. Specifically, in this case,
a minute-transparent-ball disposing layer 14 is formed on the
light incidence side of the transparent base member 11. 1In the

first embodiment, the minute-transparent-ball disposing layer 14

—_—

This Sheet Has B Been

LT "



simlar to that described wth reference to FIG 9. However, in the second
enbodi nent, as shown in FIG 10, a mnute- transparent-ball disposing

| ayer 14 has a di-layer structure formed of a colored |ayer 13 and a
transparent | ayer each of which has adhesion or cohesion. In this case,

" sinece the transparent layer 15 is disposed on the |light em ssion end side
thereof, light transmttance at the light emssion end side is increased
and hence it is possible to obtain a | &3er anount of Ilight emtted from
m nute transparent balls 12. In this enbodinent, since the mnute
transparent balls 12 are buried in both of the colored layer 13 and the
transparent |layer 15, the mnute transparent balls 12 can be held nore

tightly. is formed sudi ahat siaatelOrasspartiotgbadlshl 2 darw disposed
enbodi mrents shown in FIGS. 11 and 12 respectively have the sane

arr angenedesnsedyt inse siogdredigmginolaper fwitdt tiwedadjscant midwk nent s shown
in FIGS. 9 and 10 and are res ctlvel .arranged_such that transparent
prot ect | v&TRAFPAEERY W%dz A8g| 6\11 picientdy sAose| ki 9ch PHhstus

Lhe bl EPakask, Bhe iany @s%s%ﬁga{%%afcﬁﬁeéepﬁefxe*}imeﬁgfﬁ';e otde o
T .

Vi e%ﬁ%@%sﬁéﬁ@“ﬁéla#pla% 3%, BpREh1is WAL 3 %59109&35‘%%%%1903%? te

sides of thg s gdsanugl&m@%oﬁ@fs%n bR #iA4sRAARIpRASEpER

Pl ano | enses 10 according to fifth and. sixth enbodlnenPs shown ﬁﬁ Fl GS.
13 and 14 gaapoft thel Miheye traispaRealtPAFls i IR iy diepbBedewseg ol ng to

the first and second
light incident end side portlon correspondlng to 30% or larger
of a diameter of the minute transparent ball 12 being projected
from the colored layer 13 and its light emission end side
portion being buried therein. Each of the minute transparent
balls 12 is in contact with the transparent base member 11
directly or through a sufficiently thin portion of the color
layer 13 at the light emission end side of the minute
transparent ball 12. Therefore, at the light emission end side,
light transmittance is increased with almost no light beihg
absorbed by the colored layer 13. Thus, of an amount of light
emitted from the minute transparent ball 12, the light amount
absorbed By the colored layer 13 is reduced. An area where the
among of light absorbed by the colored layer 13 is reduced can
be set as a minute area on the light emission end side of the
minute transparent ball-lz.

In the plano lens 10 according to the_first
embodiment, when indident light Li as parallel light
representing a projected image or the like is made incident on
the exposed minute transparent ball 12 of the minute-

~transparent-ball disposing layer 14 from the opposite side

————
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24 enbodi ments shown in FIGS. 9 -and 10 except that their transparent
base nenbers 11 are disposed on the light incidence sides of the mnute
transparent ball disposing |layers 14. THe: m nute transparent bal

di sposing |l ayers 14 are bonded to the transparent base menbers 11 by
transparent |ayers 26 having adhesion or cohesion. Pl ano

| enses 10 according to seventh and eighth enbodi mnents shown in FIGS. 15
and 16 respectively have arrangenents sefiilar to those according to the
first or fifth enbodinent showm in FIG 9 or 13 and the second or sixth
enbodi mrent shown in FIG 10 or 14 except that transparent base nenbers 11
and protectlve transparent base nenbers 41 are disposed so as to sandw ch
i nut e- t r ¥heFeLEnvip I¥e$ﬂ’%‘¥§b§ﬁ%@'—hel ’&yéﬂ%PilZPntl'I‘H@@aF‘Pﬂhﬁér%vt & mai ntain

35T Tn: he Topient! s £ o oGR8 15Mn, BTl ol AR, [oyer
13 from beéf}% g&ggﬂe%ﬂﬂl&@é l&dns }'a%em%gﬁ £ a;r{) rﬂ@pﬁéegﬁmb&fa er

41 may be sane nmaterlalt as that used e transpareée base

menber 11.pAjle@igicusely, Bhes Ofa Hﬁfuts&aﬂsgmwtlebésarmm@ra heand the
protective transparent base nenber 41 may be formed of a rigid substrate,

t he ot her énlargyding ptang Ieviseit dormetl.exi bl e base nenber.

Wil e the plano | ens 10 according to the present i nvention can formthe
rear-projection typeAprdgseanibed abova, bihe danesciwhergsthéosmount RIIGS. 17 to
20, the rear-projection type projector screen, | 0S can be formed_ by

i nt egr al | y1Bdiahgonkbed by the ¢Rtnrefy laver 13 Al grdugedhdsoformed aF"or

maki ng proéﬁéné¥35s10n end of each of the minute transparent balls 12,

thereby the emission light being allowed to be efficiently
emitted in the front direction of the plano lens 10. Since
light is converged by eadh of the minute transparent balls 12
and then emitted, it is possible that the above area of each of
the minute transparent balls 12 has a minute area. Since the

" colored layer 13, i.e., a light absorbing layer lies around the
above area, external light ILd is effectively absorbed by the
colored layér 13 and hence can be effectively prevented from
travelling in undesired directions. Therefore, it is possible
to effectively prevent the contrast of a:picture displayed on a
screen from being lowered due to the external light Ld.

Plano lenses 10 according to the second to eighth
embodiments will hereinafter be described with reference to
FIGS. 10 to 16. In FIGS. 10 to 16, like parts corresponding to
those shown in FIG. 9 are marked with the same reference
numerals and need not to be described in detail.

FIG. 10 is a diagram showing a plano lens 10
according to a second embodiment of the present invention. Iﬁ

the second embodiment, the plano lens 10 has an arrangement
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25 video light incident on the plano Iens 10 as parallel |ight.

FIGS. 17 to 20 are diagrans showi ng rear-projection type projector screens
10S in each of which a Fresnel lens 27 is forned on a transparent base
menber 31. In FIGS. 17 to 20, like parts corresponding to those shown in
FIGS. 9 to 16 are marked w th the sane reference nuneral s and need not to
be described in detail. In the rear-projection type projector
screen 10S according to a ninth enbodi @51t shown in FIG 17, a Fresnel
lens 27 is bonded by a transparent |ayer 26 having adhesion or cohesion
to the plano Il ens 10 according to the first enbodi nent shown in FIG 9
(i.e., tothe light incidence side of the mnute transparent ball 12 shown
in FIG 9pimilar to that |desaribedawiphoreterence feeFate| et dioweNaion iMOS
according to a tenth enQ$dinent shown in, Fl G a Fresnel lens 27 is

18,
bonded by e SEROPY: eRPOdLRRNt 2 4Sh 5OPHE YHEG vl Yr @ BIABERDN to the pl ano
| 10 [ .enbodi i.n,El [y toth
| Fant | noraanepazehe-baft AERB R I AR che A Y i e dhRtseie 6 1o ¢
In the reafshd 8% hOBoidP&d Qirér?&cﬁ@r and'’ fspareHiCeaPgbrdeion 88k €l eventh

enbodi mrent shown in FIG 19, st ead of the transparent base nenber 11

shown in RifichlBasaaBhesieh or lwnesioén.s bandeis ase,! sdnepacrat | ayer 26
havi ng adhesi on or cohesion to the plano lens 10 according to the fifth

enbodi nenttramspamenitnlayér 13 is disposedt bp thghlighticietdssdoni epd ofidene
m nute transparent ball 12 shown in FIG 13).

thereof, light transmittance at the light emission end side is
increased and hence it is possible to obtain a larger amount of
light emitted from minute transparent balls 12. In this
embodiment, since the minute transparent balls 12 are buried in
both of the colored layer 13 and the transparent layer 15, the
minute transparent balls 12 can be held more tightly. |

Plano lenses 10 according to third and fourth
embodiments shown in FIGS. 11 énd 12 respectively have the same
arrangements as those according to the first and second
embodiments shown in FIGS. 9 and 10 and are respectively
arranged such that trénsparent protective layers 25 having
adhesion or cohesion relative to minute transparent ball
disposinﬁ”la&ersil4 are disposed on the oppoéite side of the
minute transparent ball disposing layers 14 relative to the
transparent base member 11. The minute-transparent-ball
disposing layers 14, i.e., thé minute traﬂsparent balls 12 are
protected on their opposite sides of the sides in contact with
the transparent base members 11.

Plano lenses 10 according to fifth and sixth'
embodiments sﬁown in FIGS. 13 and 14 respectively have

arrangements similar to those according to the first and second
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In the rear-projection type projector screen | 0S

26 _. according to a twelfth enbodi nent shown in FIG 20, in stead of the
transparent base nenber 11 shown in FIG 14, a Fresnel lens 27 is bonded
by a transparent |ayer 26 having adhesi on or cohesion to the plano I ens 10
accarding to the sixth enbodi nent shown in FIG 14 (i.e., to the |ight

I nci dence side of the mnute transparent ball 12 shown in FIG 14).

As described above, when the Fresnel lers 27 is bonded instead of the
transparent nenber 11 in the arrangenent according to the eleventh and
twelfth enbodiments, it is possible to sinplify the arrangenment of the .
screen 10S. In the arrangenents according to the first to

twel fth echbodimenss Shoun i FIGS. P dmd 20, easephoviat tHei®S. 21 to 32,
anti-reflection |ayers 28 can be deposited on both of outernost surfaces
on the |ighransparemt oaseimenbershtl |dgghidisposedoan stk Lightedngidencde

pl ano | enses 10 and the screens |0S sccording to the first to twelfth
enmbodi ment §14e8 AL phe e txansparens QQ%é Fﬁﬁpeéthlxiﬂﬁr%(34be THe

21 ove. ¢ heRAARES; bFETRAoto bt B1PBovInd pvamer géﬁ%g{gf%f% R G
21 10 32 Likpoparbs: 444 GRARATNG1 Ay LNTROARANE LavELESe }awn 0 are

mar ked mnth sane reference Nnunera to be descrrbed in
detail. Wighgekhofash &bhddi®nmir r angenents shown in FIGS. 21 to 32 the

anti-reflection |ayers 28 are deposited on both of the outernost surfaces

on the light inciden@®aicddeasdst he acgdrnding to seventh and eighth
émbodiments shown in FIGS. 15 and 16 respectively have
arrangements similar to those according to the first or fifth
embodiment shown in FIG. 9 or 13 and the second or sixth
embodiment shown in FIG. 10 or 14 except that transparent base
members 11 and protective tramsparent base meﬂbers 41 are
disposed so as to sandwich minute-transparent-ball disposing
layers 14. This arrangement can maintain strength of the plano
lens 10 and can prevent the minute transparent balls 12 in the
minute-transparent-ball disposing layer 14 and the colored layer
13 from being damaged;and soiled. The protective transparent
‘base member 41 may be made of the same material as that used for
the transparent base member 11. Alternatively, one of the
transparent base member 11 and the protective transparent base
member 41 may be formed of a rigid substrate, the other thereof
being formed of a flexible base member.

While the plano lens 10 according to the preéent
invention can form the rear-projection type projector screen by
itself, as shown in FIGS. 17 to 20, the rear-projection type
projector screen iOS can be formed by integrally bonding the

plano lens 10 with a Fresnel lens 27 used for making projected

—_—

This Sheet Has B

[T Iill




em ssion side of the plano Iens 10 or the screen |0S, the anti- reflection
| ayer 28 nay be deposited on only one surface thereof. 3 are preventing

| ayers (not shown) can be further

27 deposited on each of the plane | enses 10 and the screens |0S shown
in FIGS. 21 to 32. Moreover, a protective transparent |ayer such as a
scratch preventing |ayer for protecting the transparent base nenber, the

m nut e-transparent -bal |l di sposing Iaye?gor the |i ke disposed on the

out ernost side can be forned instead of or on the anti-reflection |ayers
28 or instead of one of the anti-reflection |layers 28. Wen the
anti-reflection |ayers 28 or the protective transparent |ayers such as the
scrat ch pr¥ideei hightyincigentf onnblie splans diensed Oapsvparallek lighdsi bl e to
increase the light transmttance of the plano lens 10 or the screen |0S,

to reduce reflectivi BFGheldor® 2APED d%ﬁ&‘soﬁﬁﬁY’%ﬁﬂc@a}ﬁ‘Hﬁ&ﬂﬁﬁ’é§°nM| ch

|t e pl aRsBPoRECIRPEH SR A0n ig% R oigeros Piaenef i 27 13

i nventi on, ?&Qdogntge?ﬁﬁ%‘gné &bakass s 1Jm FI&% awle;bltﬁﬁn 1%e

formed of ransparen ransparen conparafive

substrate ‘ﬁaﬂscéﬂﬁﬁéﬁébﬂ&iﬂ’g tdy RhbkeXsRben uﬁfm;*s e@CEoOiGV\K&éhué}.ﬁéd i ght
(6]

transm ssi on capabl e provi di ng an action as a |ens. Each
of the trandgthr ehe bame refdromeel humétadnda®d rieed notr tedbef desmeilsad timbl e
material such as, for exanple, glass, . acrylic resin, polycarbonate resin,
polyolefanQQQPA Vi nyl chloride resin, polystyrene resin, polyethylene
resin, epoxy In the rear-projection type projector screen 10S
according to a ninth embodiment shown in FIG. 17, a Fresnel lens
27 is bonded by a transparent layer 26 having adhesion or
- cohesion to the plano lens 10 according to the first embodiment
shown in FIG. 9 (i.e., to the light incidence side oflthe minute
transparent ball 12 shown in FIG. 9).

In the rear-brojectidn type projector screen 10S
according to a tenth embodiment shown in FIG. 18, a Fresnel lens
27 is bonded by a transparent layer 26 having adhesion or
cohesion to the planozlens 10 according to the second embodiment
shown in FIG. 10 (i.e., to the light incidence side of the
minute tridnsparent ball 12 shown in FIG. 10).

.In the rear-projection type projectbr screen 108
according to an eleveﬁth embodiment shown in FIG. 19, in stead
of the transparent base member 11 shown in FIG. 13, a Fresnel
lens 27 is bonded by a transparent layer 26 having adhesion or
cohesionlto the plano lens 10 according to the fifth embodiment
shown in FIG. 13 (i.e., to the light incidence side of the

minute transparent ball 12 shown in FIG. 13).

In the rear-projection type projector screen 10S

—_—
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resin, polyarylate resin, polyether sulfone resin, silicone resin,

pol y(et hhyl ene terephthalate) resin or the |ike. The m nute
transparent ball 12 can be forned of a gl ass bead or a plastic bead nade
of acrlic resin, poystyrene 28

resin or the like. The mnute transparent ball 12 is fornmed of a material
having a refractive index of 1.4 or |arger and having a refractive index

| arger than that of a material in contacig therewith, e.g., the protective
transparent layer 25 or the transparent |ayer 26 used for bonding, thereby
the incident |ight being effectively introduced into the mnute
transparent - ball 12 for providing an action as a | ens. A

di anet er oRccABdMA® a rvedfihcenbodiment) shownein BEGal2Q 0 ioy s¢ead ef t han
100 pm e. % about 50 g The reason_ _for settlng t he di aneter of _the
mnute tra bsa%ﬂflsw ny pase meRhar 1b POEER ELCt b FFTRANEd. dendbout

50 ' dth h f t
al | 12" 271 AP gabRaef Y o Fermspipb chaen, 26, BavpPS, alter @ en 1o

normal Iy u [ sthy. &aﬁg g nut e
transparen?% aF?ox gﬁeé?%q¥ﬁgﬁagﬁgg £9é%é I'C ﬁF%Pegﬁ t% I'n Qﬂvﬁ&gﬁggk
resol ution shesmaifderesl orat&d i, Celr €he AUAIHE ¥inehi d@nBEOs £4é &8k Ringd ure. | f
the dianmeter of the mnute transparent ball 12 is set equal to or smaller
than 100 [ minuite trasspatemn Hadl51Ri shewn inmFIsndldf).the di aneter of the
mnute transparent ball 12 is set equal to or snaller than 50 pnp the
resolution is 10 |ineks /deaeribed: Akove hethembdle BEresnel (kens 27f ist he

conventional lenticular lens is 1 line / mm
bonded instead of the transparent member 11 in the arrangement

according to the eleventh and twelfth embodiments, it is
possible to simplify the arrangement of the screen 10S.

In the arrangements according to the first to twelfth
embodiments shown in FIGS. 9 to 20, as shown in FIGS. 21 to 32,
anti-reflection layers 28 can be deposited on both of outermost
surfaces on the light incidence side and the light emission side
of each of the plano lenses 10 and the screens 10S according to
the first to twelfth embodiments. Such arrangement can allow
the incident light to:be effectively made incident on the plano
lens 10 or the screen 10S and also allows the emission light to
be effectively emitted thérefrom. In FIGS. 21 to 32, like parts
corresponding to those shown in FIGS. 9 to 20 are marked with
the same reference numerals and need not to be described in
detail. While in each of the afrangements shown in FIGS. 21 to
32 the anti-reflection 1ayer§ 28 are deposited on both of the
outermost surfaces on the light incidence side and the light
emission side of the plano lens 10 or the screen 108; the anti-
reflection layer 28 may be deposited on only one surface

thereof. Glare preventing layers (not shown) can be further
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VWile alower Iimt of the size of the mnute transparent ball 12 is not
set, if the size of the mnute transparent ball 12 is too small, then it
beconmes difficult to di spose the mnute transparent balls 12 in a single
grai-n | ayer 29 and it becones
difficult to formthe bonding |layer and to make a thickness of the bonding
| ayer uniform Fluctuation of the sizes of the mnute
transparent balls 12 are set within thggrange of 10 % or |ess of a nean

di ameter. The reason for this is that it is confirned if the fluctuation
of the dianeters of the mnute transparent balls 12 1is increased, then a

process of densely filling the mnute transparent balls 12 in the
m nut e- t r dsppsd ed -dmaldach ®ifoghagplany elensésc d0nahdbehe aserashso10S
satisfactorily and uniformnmy. The refractive index of the

m nut e trahoyarbmtFIRE] 21120 32set MOXRQRer 4+ RapProkestiveé transpanesyndi ng
portions and particularly the surrounding portions on the light incidence
end sidelaVRCFHER 3% HIFCHatch preveRtind lowedc£05f PROERFAGithS | ens,

| arger t nefetopareRt Ssd Weubgd, Fub BURRR I apshareherbins Carkghips *°
conver gi gy BT8P e ABLE IR oh B0 hcb QLU Ohn O SRt 1 Vo

i ndex of surroundi ng portrons on I nci ence en o t he
m nute transpaaanbs bt lothe a‘ﬁ%':l.UQeQ‘leéﬂﬁon relyeast Reeok nﬂﬁ%té&d tdie onenut e

transparent ball, and hence a diffusion angle on the |light em ssion side
of the m wuft €he antl-refleqtlon layers 28. When the anti-reflection

layers 28 or the protective transparent iayers such as the

scratch preventing layer are formed as described above, it is

possible to increase the light transmittance of the plano lens

10 or the screen 10S, to reducé reflectivity thereof, and to

avoid occurrence of damages, which improves an optical

performance of the plano lens 10 and the screen 10S.

In the plano lens 10 and the screen 10S according to
the present ihvention, each of the transparent base members 11,
41 and 31 can be formed of a transparent or semitransparent and
comparatively thick substrate 6: a comparatively thin flexible
sheet each of which has light transmission capable of providipg-
an action‘as” a lens.

Each of the transparent base members 11, 41 and 31 is
formed of some suitable material such as, for example, glass,
acrylic resin, polycéfbonate resin, polyolefin resin, vinyl
chloride resin, polystyrene resin, polyethylene resin, epoxy
resin, polyarylate resin, polyether sulfone resin, silicone
resin, poly(ethhylene terephthalate) resin or the like.

The minute transparent ball 12 can be formed of a

glass bead or a plastic bead made of acrlic resin, poystyrene
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transparent ball is determ ned. Therefore, since diffusion angles of the
plano |l ens and the screen according to the present invention are

determ ned in accordance with the law of refraction in optics (i.e.,
Snell's law of refraction), it is possible to obtain a desired diffusion
angle by selecting refractive i.ndexes of the respective parts and nenbers

of the _ 30 pl ano | ens or the
screen. The surface of the mi3te transparent ball 12 may be
subj ected both of or either of an anti-reflection processing and a

wat er - r epel | ency processi ng. While the surface of the mnute

transparent ball 12  can be set as, an optically smot. rf.ac t he surface
of the niTERiE" t%ﬁshﬁaiéﬁ?' bafhe finube EagﬁPaé%ng‘iﬁ#T gge lﬁagf’ﬁﬂeﬁi ‘#dt e
concaves a 0 e n_e hat . ) gt b 2
can be fi I?%ﬁ% 31 ,a.thc.l ng%b%g#ce%f ect ng xge():gﬁ °e4r i%ﬁq%%e%gggnﬁ%%ﬁ%d
and adj ust gdre AR iAok 10fqet drarThbkedr 4 AN Mh1INIPEBRRACY
reflection and scattering at the surface of the mnute transparent bal

12, the suthegéwith} kA gl,nvhe pioedsinre kiraRaphrddt Chiydie 28ubjreehed to the
anti-reflection processing or can be subjected to the water-repellency

pr ocessi ngtransparemn fayeruRbngsed adies bendingpetbeseby . thHerincddenpl e, | f
the water-soluble colored layer 13 is fornmed, then the surface of the

m nute trahightcpPeing | effeptiyelyciprraduned jntoybhe nirpt tnaasparent

wat er - repel | ency., processing.in order, o prevegt the colored |ayer from
covering th@i?ig%t£?¥uﬁ?ﬁ¥é§}q§n8ns?ﬁﬁ}?ﬂ a% fe‘fiffitt e transparent ball 12.

A diameter of the minute transparent ball 12 is set

equal to or smaller than 100 pm, e.g, about 50 um. The reason

for setting the diameter of the minute transparent ball 12 to

equal to or smaller than 100 pm, e.g, about 50 um is that it is

confirmed that if the size bf the minute transparent ball 12 is
larger, when the rear-projection type projector screen is
normally used, a viewer can more easily recognize gaps between
the minute transparent balls 12 with the naked eyes, which
results in a lowered resolution and a deteriorated picture

quality of a projected picture. If the diameter of the minute

transparent ball 12 is set equal to or smaller than 100 um, the

resolution is 5 lines / mm, and if the diameter of the minute

transparent ball 12 is_set equal to or smaller than 50 pm, the

resolution is 10 lines / mm. On the other hand; a resolution of
the conventional lenticular lens is 1 line / mm.

While a lower limit of the size of the minute
transparent ball 12 is not set, if the size of the minute
transparent ball 12 is too small, then it becomes difficult to

dispose the minute transparent balls 12 in a single grain layer

—_—
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The colored layer 13 in the m nute-transparent-ball di sposing | ayer 14
can pe forned of a block pignent such as carbon or the like, a block

pi gnent such as a so-called toner obtai ned by m xing a binder with carbon
or the like and a bl ock dye of aniline systemor the |like, can be forned
by dispersing a bl ack pignent in a transparent resin such as acrylic
resin, pol ycarbonate resin, polyolefin resin, vinyl chloride resin,

31 pol ystyrene resin, polyethylene resth, epoxy resin, polyarylate
resin, polyether sulfone resin, silicone resin, poly(ethhylene :
terephthal ate) resin or the Iike, can be formed of a layer made of a black
material dyed wth a bl ack dg The colored layer 13 can be fornmed of a

material | a?:’é‘? *ﬁ\ﬂ%ﬂ\e&nétf- icukiy i formghesPerding Havieshage tAcmakaea i n
it b t Th | d | 13

ot T edtHERIRE o0 Ehéfavaa%glw BBIEOFByer having spectial

distribution of red, g Egﬁatzgﬂn’g%f)r nhhslbéé E}?et n?:ft%dtlr@{%éafeqﬂ: be

formed of a naterlal taln y mXxing a pIur pi given or dyes

havi ng di f f paeng Iiﬂd¥e diet! i BHLhOBe ran fe of 10 %léktiE%s of a mea
m nut e-transparent-ball disposing |ayer the m nute transparent ball 12

i s proj ect ediameter exMeedehsom fohetlnid discdhhaydet 18 confivendd §it the
i nci dence side by an anount corresponding to 30 %or |onger of the
di anet er of finetwation of thesgiavetersm|df theamdnnbectpanspanesity beQYsol2

| onger thereof, |If the projected anbunt_is smaller_than 30% of the
di aneter, tRetNGKEAFRAMIENSN ANBFERR®S Q% lensply, filling Yhemiduteanspar ent

transparent balls 12 in the minute-transparent-ball disposing
layer 14 cannot be cafried out satisfactorily and uniformly.

The refractive index of the minute transparent ball
12 is set larger than those of the surrounding portions and
particularly the surrounding portions on the light incidence end
side. 1In order to obtain a sufficient effect of a converging
lens, the refractive index of the minute transparent ball 12 is
set equal to or larger than 1.4.

As will be descrlbed later on, a light converging
effect is determined in response to a value of the refractive
index of the surrounding portions on the light incidence end
side of the minute transparent ball and a value of the
refractive index of the minute transparent ball, and hence a
diffusion angle on the light emission side of the minute
transparent ball is determined. Therefore, since diffusion
angles of the plano lens and the screen according to the present
invention are determined in accordance with the law of
refraction in optics (i.e., Snell's law of refraction), it is
possible to obtain a desired diffusion angle by selecting

refractive indexes of the respective parts and members of the

_—
e S,
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ball 12 is reduced, which may prevent the effective mnute transparent
ball 12 from presenting an effect of diffusing the incident light. If on
the other hand the exposed anobunt of the mnute transparent ball 12
relative to the colored layer 13 is increased, then the anount of the

. light-incident on the mnute transparent ball 12 is increased, which

I ncreases the | .um nance. However, an upper limt of the exposed anpbunt is
subject to the thickness of the colore® | ayer 13. Specifically, the

t hi ckness 32 of the col ored

| ayer 13 corresponds to 70% of the dianeter of the mnute transparent bal
12, while a lower Iimt of the thickness of the colored |ayer 13 is

det er m neBlaw@elRisPrude sgBeeRbance or spectral absorbance of the col ored

| ayer 13. Specifically, if the absorbgnce or the spectral _absorbance is
srr)eltl | and thg t hi cki@EsSBFIagR %gl%&‘llwgr transRayent, hajl ggng‘PﬁeP%t i on

¢ the inci . el i . : . h
col or ed 1 SyEaSed Hben e idr, 41ch8E SF Np Arblsref skt ER TAd A 4, Lo
b h ' a?é§§gfgﬁc : It, the inh t
c%aﬁagtg}?gﬁﬁgéfo ep ghg%bkg%§1P€§dgtgffgr;teg,eahg Saegnnunt of

absorbed external |iwglile thenshbfacdissivhe nidateStransierbnt\agh Lovers
the contrast of the imge. The above protective transparent

| ayer, e.@an bkeesettasmrmpapdicaldyesmdsth tdwer fiacenspheesurfagerof ctheed at

t he outernost side, the transparent |ayer 26 and further the

t r anspar efinuggekranssparenie haljuile capnbBeFfehtasa Sudfageshaying mipmte] 4

can be. for g Qs L2 E eed & An°d5ledS A%Y'dH2 minute transparent
balls 12 can be filled densely, thereby an effect of scattering
being controlled and adjusted. Alternatively, if it is desired

- to avoid unnecessary refleétiop and scattering at the surface of

the minute transparent ball 12, the surface of the minute
transparent ball 12 can be subjected to the anti-reflection
processing or can be subjected to the water-repellency
processing in the manufacturing processes if necessary. For
example, if the water-soluble colored layer 13 is formed, then
thé surface of the minute transparent ball 12 can be previously
subjected to the water-repellency processing in order to prevent
the colored layer from covering the light incidence end side of
the minute transparent ball 12.

The colored layer 13 in the minute-transparent-béll
disposing layer 14 can be formed of a block pigment such as
carbon or the like, a block pigment such as a so-called toner
obtained by mixing a binder with carbon or the like and a block
dye of aniline system or the like,'can be formed by dispersing a

black pigment in a transparent resin such as acrylic resin,

polycarbonate resin, polyolefin resin, vinyl chloride resin,
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resin, polycarbonate resin, polyolefin resin, vinyl chloride resin,

pol ystyrene resin, polyethylene resin, epoxy resin, pol yaryl ate resin,
pol yet her sul fone resin, silicone resin, pol y(et hhyl ene terephthal at e)
resin or the like. Even if the above protective transparent |ayers are
enplLoyed in the sanme plano lens, it is not necessary to formthe
protective transparent |ayers of the sane material, and proper materials
can be selected for the respective protggtive transparent |ayers

dependi ng upon the nethod of manufacturing the plano | ens. For

33 exanple, the transparent |ayer 15 of the m nute-transparent-bal

di sposing | ayer 14 may be forned of a material having cohesion for holding
the |ight palystyreng desimi polyebhylene iresinauepoxy t¥egidpaipedyapylate

di sposing layer 14 with the |ight em ssion_side end, portion being buried
therein, ak8SiRe IP?]aY%‘H'ﬁreﬁPlFfayﬁrr?%mmﬁ%lﬂﬁopﬁrF@%llgf Bﬁ’%@é’rppﬁeﬂﬁvi ng

layer 25, CRPRRBPARLAte) FREinBr HHE 1Pt ACRe FARBFOLSt of ToNETPAdE e
| ayer . eachiof PREGRAEDIHAAICHYey i ER I B0, Dorhe (PRl Fays BT
of differepan"Bbetbihéd F &€ mRleiam 1498 aRRMRAG EFARELI6RI s B A&l al s and
SO on. Q her than acrylic riesin, polycarbonate resin
pol yol ef i n add@isionyi dyhesivrdrdeheelike polisicssdng Lasfabriqedivet Ayl ene
resin, epoxy resin, polyarylate resin, polyether sulfone resin, silicone
resin, polweaasketdyl ene terephthal at e) '
The colored layer 13 is not limited to the black
layer and may be a layer having spectral distribution of red,
green, blue or the 1ike; The colored layer can be formed of a
material obtained by mixing a plurality of pigments or dyes
having different color distributions.
In the minute-trénsparent—ball disposing layer 14,
the minute transparent ball 12 is projected i.e., exposed from
the colored layer 13 on the light incidence side by an amount
corresponding to 30 % or longer of the diameter of the minﬁte
transparent ball 12 aﬁd mofe preferably 50% or longer thereof.
If the projected amount is smaller than 30% of the diameter,
then an amount of incident light entering the minute transparent
ball 12 is reduced, which may prevent the effective minute
transparent ball 12 from preéenting an effect of diffusing the
incident light. If on the other hand the exposed amount of the
minute transparent béll 12 relative to the colored layer 13 is
increased, then the amount of the light incident on the minute
transparent ball 12 is increased,.which increases the luminance.

However, an upper limit of the exposed amount is subject to the

thickness of the colored layer 13. Specifically, the thickness

heet Has Been Replaced’

T



resin or the like, the anti-reflection |ayer 28 and the protective
transparent |ayer such as the scratch prevention |ayer or the |like can by
formed of tetraethyl orthosilicate by chem cal vapor deposition or forned
by depositing SiQ2 or nmetal thin film by vacuum evaporation, sputtering,

sol -gel process or the like. The above respective transparent
| ayers, theé col ored | ayer and so on can be coated by knife coating, e.g.,
roll coating, gravure coating, kiss &dating, spray coating, blade
coating rod coating or the Ilike. As shown in FIG 6, the

proj ector apparatus 60 is

_ 34
i sposed abe! i hastonla G631 SEROEMIAUAN (L1908 BBAE s b ecROpR! 01 10

to the presen I on, , one O e screens shown 1n

to 17 and E}ESiméed chfagxssptmﬁw BAEEI L3, ARANY &l YSwhP PIR{ €S thePr 0j ected

picture on the screen The viewer watches a transmtted picture

di ffused i ghiBRneyeréf Gitle dodoedl zapéal 13iise deenmihydt depediar upoh from
the front of the screen |O0S. As shown in FIG 7, the screen
10S i s di spbseodbanceéher spemtiradi dbsofbahee s eheocdplotedahayehdd.i ght from
the video projector unit 1 disposed in the case body 61 is reflected by
the refl ecBPeAificadblya if Hihe absprRapceRk Hihey SPREtraAnaRFLRIFe iiFage

ch 1 uoed DLt $85°El Hicihedi® ofLh B S0 HebEEoR ke hi0hi ons Trom
soreen | 0S 0Bl QKO85 b ALY 4lcAREnd01 GRE) Urith e BRcRAEREN 1dl Gl | O

transmitted through the colored iayer 13, which increases an
amount of light which is not diffused by the minute transparent
ball 12. As a result, the inherent characteristics of the plano
lens is deteriorated, and an amount of absorbed external light
from the emission side is lowered, which lowers the contrast of
the image. |

The above protective transparent layer, e.g., the
transparent layer 25, the transparent layer formed at the
outermost side, the transparent layer 26 and further the
transparent layer 15 6f the minute transparent ball disposing
layer 14 can be formed of transparent resin such as acrylic
resin, polycarbonate resin, polyolefin resin, vinyl chloride
resin, polystyrene resin, polyethylene resin, epoxy resin,
polyarylate resin, polyether sulfone resin, silicone resin,
poly(ethhylene terephthalate) resin or the like. Even if the
above prgtective transparent layers are employed in the same
plano lens, it is not necessary to form the protective
transparent layers of the same material, and proper materials
can be selected for the respective protective transparent layers

depending upon the method of manufacturing the plano lens. For
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- transparent balls 12 of the m nute-transparent-ball disposing |ayer 14 can
be formed of mnute transparent balls of two kinds or nore having

different refractive indexes. Specifically, in the above
arrangenents, as the m nute transparent ball 12 of the

m nut-e- t r anspar ent - bal | di sposing | ayer 14 has a |arger refractive index,
its action as the lens, i.e., the convergence effect is inproved and

hence t he di ffusi on angl e beconmes largé> In FIG 33, curves 27A, 27B and
27C represent dependence of gains upon an angl e view obtai ned when t he _
angle is an angle of view (angle relative to an I nci dent angle) () on the
em ssion side obtained when light is made vertically incident on a
transparen@*@ﬂﬁgﬁpaFBe5§r¢¢§g§ﬁqgt layer 15 of the minute-transparent-ball

35 the ydnute transparent balls 12 are disposed.in a single grain
| ayer and t &PPEFPQC?W& i ﬁgé%yn bgr fopmed; titd naterdadr Baving gohesiqns set

- to n=1.7, n= = o Study of ELG 33 reveal s, .that _as, a val ue of 0
is incr easg:h : @g@ﬁqgﬁ ﬁ"lé ]g%%s)él“g'sf’&%rgﬁ?e %lf%é:ﬁ'ognoﬁ EhQ RIS ayed
ONn a SCreerny e : a lLue . 0,. k... froma

Cubet ant © ol sy entesall Wi shod 0 fagor MLE Wlon ¥hel'T 1he Dentsfion 'IQUR

gain is srad portion being burlied Rhegehh, | awEHHORrahspa¥ent Mayer 16
consideration of this phenomenon. According to the present invention, it

is an obj aeay & formgdesfm mathegritalohaviing adieediens oar cohessomeen i s
formed by mxing the mnute transparent balls of two kinds or |arger
havi ng di fferent refrigtie eachjef shepretegdsienfraneparent layer 25,

transparent layer 26, the transparent layer 15 of the minute-
transparent-ball disposing layer 14 and so on can be formed of a
single layer, each of them may be formed by laminatiﬁg a
plurality of layers made of different maﬁerials selected from
the above transparent materials and so on.

Other than acrylic resin, polycarbonate resin,
polyolefin resin, vinyl chloride resin, polystyrene resin,
polyethylene resin, epoxy resin, polyarylate resin, polyether
sulfone resin, silicone resin, poly(ethhylene terephthalate)
resin or the like, the anti-reflection layer 28 and the
protective transparent layer such as the scratch prevention
Iayer or'ﬁheflike can by formed of tetraéthyl orthosilicate by
chemical vapor deposition or formed by depositing Si0, or metal
thin film by vacuum evaporation, sputtering, sol~-gel process or
the like.

The above respective transparent layers, the colored
layer and so on can be coated by knife coating, e.g., roll
coating, gravﬁre coating, kiss coating, spfay coating, blade
coating rod coating or the like.

As shown in FIG. 6, the projector apparatus 60 is
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a predeterm ned distribution and hence the lens or the screen is arranged
such that the refractive index is changed stepwi se or gradually fromthe
cenfer portion to the periphery portion, thereby desired brightness being
obtained in each of the portions-of one | ens or one screen.

Specifically, illumnation light froma normal light source or |ight
representing a picture in a predetermined picture angle fromthe video
projector unit, as shown in FIG 34A ws6éch is a graph show ng an

i1lum nation distribution thereof, is the largest at the center of the

pi cture and becones snmaller as the position is away fromthe center.

Therefore, - when the illumnnation light or the |ight representing a picture
i s made i neligpesednaththe|back Iahsher scheescerpieying Fhenpdsnoflenhdlscr een
on the emssion side is large at the center and becones

darker in ARCAROIOG F@n“c‘%v@’?%ﬁqlﬁ'e 15¥eNSAERy €.9., one of KBeHERRERY, JISG
th | | th |.0S th t

i nveln?l one %?1’1?31%3 rg%s'bool(ra]e%tsa(:":?g%}gslzz ;\%F’)lr'lgd'aq'r"@(fjpiegﬁg e?ﬁgex of

=1.9 t

LS arC AR, D BrESRLED A A B 1y DGR

located at ¢y e %adenes ahﬁéxfgﬂjgﬁzeﬁ 938@\1%@%1&1@&? ilnf gfeparent

- balls 12 having a refractive index of are disposed in a region C at
| t's ‘out er noedriirydlplaeKly horizontal dlreledﬁmabyvehq sdieepl10s0 fremstid or

the screen 10S is arranged such that the refractive index is gradually
changed friwemt=10f the scre2nf103s t he center to the outernost periphery.
" As shown in FIG. 7, the screen 10S is disposed at the

front side of the case body 61, and the light from the video
projector unit 1 disposed in the case body 61 is reflected by
the reflection mirror 3, thus a viewer watching the transmission
image diffused by the screen 10S in the vertical and horizontal
directions from the front of the screen 10S.

In the plano lens 10 and the screen 10S employing the
plano lens 10 according to the present inventién, the minute
transparent balls 12 of the minute-transparent-ball disposing
layer 14 can be forme& of minute transparent balls of two kinds
or more having different refractive indexes.

Specifically, in the above arrangements, as the
minute transparent ball 12 of the minute-transparent-béll

-disposing layer 14 has a larger refractive index, its action as
the lens, i.e., the convergence effeét is improved and hence the
diffusion angle becomes larger. In FIG. 33, curves 27A, 27B and
27C fepresent dependence of gains upon an angle view obtained

when the angle is an angle of view (angle relative to an

incident angle) 6 on the emission side obtained when light is

made vertically incident on a transparent substrate 51 in which
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In this case, such arrangenent is achi eved by concentrlcally di sposing the
M nut e Thi SRSk BB Regthded 12 of plural kinds having different refractive -

indexes ssively change the refractive index fromn=1.9 to .
n=1.7, ed by changing a mxing ratio of the mnute
transpar ng different refractive indexes so that the

refractive index should be successively changed fromh=l.9 to n=1.7 from
~the center to the outernost periphery.37 When the refractive

i ndex of the plano lens 10 and the streen 10S is changed fromthe center
to the periphery as descri bed above, as schematically shown in FIGS. 37A
to 37C, a di ffusion-angle region indicative of 50% of the center

| um nance thei mihhee ierdrispremtdbadl s zhihtate disposednini & s ingle gratihe
center of the screen and snull at the periphery thereof as indicated by
cones a addyersandnthe mfitacyixe foderxargf dhet mdnnsgi bransparent ball

37 the refractive index of n=1.9 has horizontal and_verti cal

enl ar gener? dfighPet O N7h{%r M-1a8 A1 ¥ FISGUdY7BE BRE- tHh r¥GdS with
the refractive index of n=1.7 has horizontal and vertical enlargenent

angl es a ¢hatoast a1vpkee [ohd dodAcraased, eprh of the gains ipdqwearedi y,
the gain distribution of the plano lens 10 or the screen |OSis small at

t he cent elputh@heal annpiteise displaedpeni # sdnedmdiseebsagvehiofron i Fl G
34B, which can conpensate the illumnation distribution shown in FIG 34A

t o therebyrarddedbireni sfaiherdrddBMessioé. Llﬂf&mtarmtahedalhjmffﬁdm
plano lens 10 or the screen |10S.as showmn in FIG 34C

position, as the refractive index is larger, the gain is
smaller.

The present invention is ma&e in consideration of
this phenomenon. According to the present invention, it is an
object of theﬂpresent invention that one lens or one screen is
formed by mixing the minute transparent balls of two kinds or
larger having different refractive index or by disposing them in
a predetermined distribution and hence the lens or the screen is
arranged such that the refractive index is changed stepwise or
gradually from the center portion to the periphery portion,
thereby desired brightness being obtained in each of the
portions-of one lens or one screen.

Specifically, illumination light from a normal light
source or light representing a picture inla predetermined
picture angle from the video projector unit, as shown in FIG.
34A which is a graph showing an illumination distribution
thereof, is the largest at the center of the picture and becomes
smaller as the position is away from the center. Thereforé,
when the illumination light or the light representing a picture
is made incident on the plano lens or the screen, brightness of

the screen on the emission side is large at the center and



In this case, when the illumnation distribution is the |argest at the
center of the screen and becones smaller in the direction toward the

peri phery, the brightness is nade even. Contrary, as shown in FIG 38A
which is a graph showing illumnation, when illum nation of the |ight
irradiated on the plano lens 10 or the screen [0S is the smallest at the
center thereof and becones larger in the direction toward the periphery

t hereof, 'the brightness can be nade eveggby the sane nethod as described
above. Specifically, contrary to the above nethod, the plano Iens 10 or
the screen 10S is arranged such that the refractive index n of the mnute
transparent balls 12 is set small at the center thereof and larger in the
di r ecti onbecomes darkempdam [ther dipectiom. tokdnd the péoiwhery )| G 38B, the
gain is set the |argest at the center and becones smaller in the
direction toward t h@&sp&hoyRein FIGh XS, 4 shewplape Aens ddcor thej g

possi bl e to nmake ge bri ght ness OL the light, trangsmtted through the plano
Cens 10 oFSFRERCLPScretlini Fo Ehe Pregdt invention, the mitue

{ransm ¢+ S5PAPEEERC AT} A7 HERES. § Bpet iy ABNAECRE Mt e
(fat) al 4apBsgh 1A% AP akh3t8%bentdif, RS ihucb ¥ Aiapkdrt: NO!

limted thereto an e refractive index of the mnute transparent balls

12 can be pahasged havohgei derraeasivel Yalivx dEng Bharbr igEHOSsS in a
distribution to a desired distribution. As descri bed above,

when the miegita Br dosptedmt bidid outeir side kohdsheoregioe Aavangd thd f er ent
refractive indexes are .
minute transparent balls 12 having a refractive index of n=1l.7
are disposed in a region C at its outermost periphery.
Alternatively, the plano lens 10 or the screen 10S is
arranged such that the refractive index is gradually changed
from n=1.9 to n=1.7 from the center to the outermost periphery.’
In this case, such arrangemént is achieved by concentrically
disposing the minute transparent balls 12 of plurgl kinds having
. different refractive indexes so as to successively change the
refractive index from n=1.9 to n=1.7, and also achieved by
changing a mixing ratio of the minute transparent balls having
differentlrefractive indexes so that the refractive index should
be succeééivélg_changed from n=1.9 to n=1.7 from the center to
the outermost periphery.
when the refractive index of the plano lens 10 and
the screen 10S is changed from the center to the periphery as
described above, és schematically shown in FIGS. 37A to 37C, a
diffusion-angle region indicative of 50% of the center luminance
in the vertical and horizontal directions is large at the center
of the screen énd small at the periphery thefeof as indicated by

cones a and ¢ shown in FIG. 37A. For example, the region with
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enpl oyed in one |l ens or one screen, the refractive indexes of the mnute
t ransparent—batt+s—342-having different refractive indexes and the m xing

rafioTy@g&ggLnge set to desired values, it is possible to realize the
rear - prigf a6 deo di splay apparatus enploying the plano | ens and
the,.re%mmmm% ype projector screen having the peak gain of 2.4 or
greate bt ai ned at the bend angle of 30[err] which is |arger
than .1/3 or grater of the peak gain. 39 FIG 39 is a diagram
showi ng a net hod of measuring | um nance obtai ned when the bend angle with
respect to the screen formng the rear-projection type video display
appar at us accarding to, the present invention is changed. ]

Speci fi calf rsgrgﬁﬁgﬁei%‘Pqﬁ’G“SQ,:lI'?gh?S MREEPtalAnd ¥ertifal source 101

is made incident of a rear surface of a_ screen, and |um nance of |ight
emitted feRHAXISHRRLCANTILS (e = AR ciafi £hoBR iMFFGom7RycANgr the ¥egidstr een

I s nmeasured by a | um nanceneter | ocated away fromthe screen by a
predet er mwigth thei sefpaetivé hindapest nkd. 2Visdy Hdrmzontall hha vereicun! e.
39 As shown in FIG 40, the-screen shown in FIG 39 has

struct ur e drliadfémehtSaigléy &k SoPfabud N161°dast showe i FYERangal substrate
103, an incident side transparent adhesion |layer 104, mnute transparent

adnesi on' | ayer 106 SRIEHTAIEG 5h8 ari AfSiatieh Bf LbSRIRS Yons

(horynck S 3 el SPEBER' 205 Yl el Do BB Shavfhiss dec
the periphery thereof as shown in FIG. 34B, which can compensate
the illumination distribution shown in FIG. 34A to thereby
flattening the brightness of light transmitted through the plano
lens 10 or the screen 10S as shown in FIG. 34C.

In this case, when the illumination distribution is
the largest at the center of the screen and becomes smaller in
the direction toward the periphery, the brightness is made even.
Contrary, as shown in FIG. 38A which is a graph showing
illumination, when illumination of the light irradiated on the
plano lensllo or the screen 108 is the smallest at the center
thereof and becomes larger in the direction toward the periphery
thereof,- the- brightness can be made even by the same methdd as
described above. Specifically, contrary to the above method,
the plano lens 10 or the écreen 10s is arranged such that the
refractive index n of the minute trénsparent balls 12 is set
small at the center thereof and larger in the direction toward
the periphery portion. THen, as shown in FIG. 38B, the gain is
set the largest at the center and becomes smaller in the
direction toward the periphery. Thus, as shown in FIG. 38C, it
is possible to make the brightness of the light transmitted

through the plano lens 10 or the screen 10S flat, i.e., even.



side transparent adhesion |ayer 104 can be fornmed of an adhesive of
acrylic system The mnute transparent ball 12 can be fornmed of glass. The
| i ght absorbing |ayer 105 can be fornmed of a toner (carbon powder). The
enm ssion side transparent adhesion layer 106 can be formed of an acrylic
adhesi ve. The em ssion side transparent substrate 107 can be forned of
acrylic resin (polynmethyl nethacrylate). When the | um nance of
the screen was neasured, a refractive jgodex n of the mnute transparent
ball 12 of the |ayers forning the screen was optionally selected f.rom
values of 1.5, 1.6, 1.7, 1.8, 1.9 and 2.1, and refractive indexes of other
| ayers are fixed on optlonal val ues. The | um nance was neasured on the
assunption that paraﬂhéﬂerapstbisIﬁqﬁﬂdhmgmﬁ thecbrightneas ofnthaeclighteen

fromthe | nci dence e. mount of ht., which refracted and
absor bed i :’igéaﬁi‘}l‘éﬁl‘e H‘éhq Lhe Biﬂ“gé‘é‘mﬁ ]tohé’% ﬁ*‘gs?%e%’:" ?i'é)soflst H‘ég§creen

aspect ¢ §VmERTRER ot Gack oF THoTboR IO trbeEBE,| LAE BRARET] Moot
of lum ”anci?lventl n J.S not 14t nébeo {l @H@E@f‘.kéﬁg%@rﬁ{ﬁe:p%'fl thé of

one ki nd was oye and the refractive 1ndex n o m nut e transparent

bal I was ctiameé tianspérerft! ballkVe2 4dR, bé dhangbd iflérddiero and 41f are
| um nance curves respectively obtai ned when n=1.5, n=1.6, n=1.7, n=1.8,

n=1.9 and mpeditively change tﬂétﬁrmghtnesa.@msﬁﬁlhﬂtmmmngoaardenﬂnedﬁ the

sinmulation. In FIG 42, curves 42a, 42b, 42c, 42d, 42e and 42f
distribution. :

As described above, when the minute transparent balls
of two kinds or more having different refractive indexes are
employed in one lens or one screen, the refractive indexes of
the minute transparent balls 12 having different refractive
indexes and the mixing ratio thereof are set to desired values,
it is possible to realize the rear-projecﬁion type video display
apparatus employing the plano lens and the rear-projection type
projector screen having the peak gain of 2.4 or greater and a
‘gain obtained at the bend angle of 30° which is larger than 1/3
or grater of the peak gain.

FIG. 39 is a diagram showing a method of measug}hg
luminance ‘obtained when the bendiéngle with respect to the
screen forming the rear-projection type video display apparatus
according to the present invention is changed.

Specifically, as shown in FIG. 39, light emitted from
a light source 101 is made incident of a rear surface of a
screen, and luminance of light emitted from a portion in the
vicinity of the front center of the screen is measured by a
luminancemeter located away from the screen by a predetermined

distance with respect to every 5° of the bend angle.
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are | um nance curves respectively obtained when n=1.5, n=1.6, n=1.7,

n=1.8, n=1.9 and n=2. 1. ' Study of FIGS. 41 and 42 reveal s that
the gain curves shown in FIGS. 41 and 42 coincides with each other and
hence this sinmulation result shown-in FIG 42 is equal to the neasurenent
shown. in FIG 41. Table 1 shows a simulation result of a peak
gain of a screen, a gain obtained at a bend angle of 30 and shadi ng
obtained at a bend angle of 20[err] obtai mgd when the m nute transparent
ball 12 of one kind was enployed. In this case, when a value of the peak
gain is equal to or larger than 2.4, the result is evaluated with an open
circle, and when the value is smaller than 2.4, the result is evaluated
with a cross. \Wen aBgashewsf iﬂhﬁl@aiwyomi Acdean silmerd.nalﬁ'gt;ef Btﬁhﬂﬂﬁ errk]
is equal to_,or |ar than 1/3 .of _| ar i.e., 33%or |larger o e pea
gai nq t he r§§EF?tP§ge’E&W"&F£ oF fifgnlape %é?\f AN dneidgpy side tneRsSPazEDE s

Z rIaI ler thag,38¥atde §£5Ud J.'n%l(a?&%r%}. d %a{nhs?a&rggg adhe51orba]1a,yer 104,
0 20[err]
1 S8 e pA S 4 15

O n=1. @missidn9%Lde 4&%nspa§i@%t adhesion fayer 106, an&® an em:n.’%ﬁ%.o

3.363 31% 48% X =1.7' 6. 637 3%

70% sdde transparenﬁKsubstraté.507. 20.622 2% 93% O
X n=1.5 396.42 0% 100% ' O X

THe incident side transparent substrate 103 can be
formed of acrlic resin (polymethyl methacrylate). The incident
side transparent adhesion layer 104 can be formed of an adhesive
of acrylic.system. The minute transparent ball 12 can be formed
of glass. The light absorbing layer 105 can be formed of a
toner (carbon powder). The emission side transparent adhesion
layer 106 can be formed of an acrylic adhesive. The emission
side transparent substrate 107 can be formed of acrylic resin
(polymethyl methacrylate).

When the luminance of the screen was measﬁred, a
refractive index n of;the minute transparent ball 12 of the -

" layers forming the screen was optionally selected from values of
1.5, 1.6,71.7, 1.8, 1.9 and 2.1, and refractive indexes of other .
layers are fixed on optional values. The luminance was measured
on the assumption that parallel rays of light were made incident
on the screen from the light incidence side. An amount of
light, which is refracted and absorbed in each of the layers,
emitted at the emission side of the screen is measured or
calculated by simulation using a ray tracing method with respect

to a bend angle.

FIG. 41 is graph showing measurement o i e
grap g nflu&nanc
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Study of Table 1 reveals that the screen enploying the m nute transparent
ball 12 of one kind could not satisfy the conditions of the peak gain of
2.4 or nore and the gain obtained at the bend angle of 30 being equal to
or larger than 33% FIG 43 is a graph show ng neasurenent of

| um pance obtained when the mnute transparent balls 12 of two ki nds
having different refractive indexes n were enployed with being mxed in a
ratio of 8:2 . In FIG 43, curves 43a, 43@, 43c, 43d are |um nance curves
respectively obtained when the mnute transparent balls 12 of two kinds
having different refractive indexes n=l.9 and n=1.5 were enpl oyed with
being mxed in a ratio of 8:2, when the mnute transparent balls 12 of two

kinds haviopgadnblewkad ¢Rf maditectiafispStent-bal1and 6f lofe IEIH®l waigpl oyed
with being mxed in aratio of 8:2, when the mnute transparent balls 12

of two ki neémplayedgand ftfle aefractizet index imadk ehenminteantranspadrentr e
enpl oyed with being mxed in a ratio of 8:2, and when only the m nute
t ranspar entbaddl wag2changedy I FIfactlvecurrrs 4321, $lhasibapl bydd. 4le

42 : FIG 44 is a graph shomﬁqg measur enent of | unm nance

obt ai ned wifRd A PrFﬁu%%mcfPaanfg@p&%éNFSbéﬁ eqbivsly RRtRIAGS WheR BT -5,
different ref.ractive Lndex n=1..9 ,and ,n=1 were enployed. In FIG 44,
curves 44afbﬂﬂgﬁ Rﬁ§f54457f%% Ibﬂﬁ?,aﬂﬂgn}%h 44h are |um nance curves

LoPact Ive Y ndex nos HECM P Y ol Yool NP A5R8REE 0B 12 Iyl 0 2
=1. npl oyed, when thHe mnute transparent balls 12

of two ki ndsimitamiics.di fherew! 4%f cagvededradesas, 2k, 94280 924. Snde12f
are luminance curves respectively obtained when n=1.5, n=1.6,
n=1.7, n=1.8, n=1.9 and n=2.1.

Study of FIGS. 41 and 42 reveals that the gain curves
shown in FIGS. 41 and 42 coincides with each other and hence
this simulation résult shown in FIG. 42 is equal to the
measurement shown in FIG. 41.

Table 1 shows a simulation result of a peak gain of a
screen, a gain obtained at a bend angle of 30° and shading
obtained at a bend angle of 20° obtained when the minute
transparent ball 12 of one kind was employed. In this case,
when a value of the péak gain is equal to or larger than 2.4,

. the resulf is evaluated with an open circle, and when the value
is smaller than 2.4, the result is evaluated with a cross. When
.a value of the gain obtained at a bend angle of 30° is equal to
or larger than 1/3 of larger, i.e., 33% or larger of the peak
gain, the result is evaluatéd with an open circle, and when the

value is smaller than 33%, the result is evaluated with a cross.
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enpl oyed with being mxed in a ratio of 1:9, when the mnute transparent
balls 12 of two kinds having different refractive indexes n=1.9 and n=1.6
were enployed with being mxed in a ratio of 3:7, when the mnute
transparent balls 12 of two kinds having different refractive indexes
n=1..9 and n=1.6 were enployed with being mxed in a ratio of 5:5, when the
mnute transparent balls 12 of two kin Q%having different refractive

i ndexes n=1.9 and n=1.6 were enpl oyed w being mxed in a ratio of 7:3,
when the mnute transparent balls 12 be&go ki nds having different
refractive indexes n=1.9 and n=1.6 were enployed with being mxed in a
rati o of 8:
different flefrggetéame | 1dexq§aih:1. 9 lgradirg § wergadipl oyled wi ggebei n
mxed in a aﬁganggﬁéd& b: 1.5, and whien onIy the mnute transparent balj 12

h 4
oo PR R e A 13 mr"wm.%mr% Rl

transparent] bald=2.12 of | tIn19%K2 rjd64% haviey dijfferem refriacti ve() ndexe
n=1.9 and f=4—6—were- bAp-ay-e L 45— -etves—4ba—@bh——dbe—45d] 45e
and 45f n=1.9 acli988 {ak8% Lur3e% réspect Mvel y oEtarneG)mhen nly
the m nuteftran ent oz 1| acti Ve T Ndexf n=1. 0 5

enpl oyed, \ 'ﬁg I Nut gl#%%spgign b§§%s 12 of ki nds havt ng “
different 7 fraﬁgiyﬁ in#egg§3ﬁ-11g%a1d Apd. 6 {were ggnployed W t beingu
mxed in alatio of 2-81 when the mhute trdanspar halls 12 two_ ki nds
having difflerent=Yg&f ractliace 622 | 2% 93% O X

n=1.5  |.396.42| 0% | 100% O X |

.Study of Table 1 reveals that the screen employing
the minute transpar¢n£ ball 12 of one kind could nbt satisfy the
conditions of the peak gain of 2.4 or more and the gain obtained
at the béend angle of 30° being equal to or larger than 33s.

FIG. 43 is a graph showing measurement of luminance
obtained when the minute transparent balls 12 of two kinds
having different refractive indexes n were employed with being
mixed in a ratio of 8:2 . In FIG. 43, curves 43a, 4§b, 43c, 43d
are luminance curves respectively obtained when the minute .
transparéﬁh'balls 12 of two kinds haviné different refractive
indexes n=1.9 and n=1.5 were employed with being mixed in a
ratio of 8:2, when the minute transparent balls 12 of two kinds
having different réfractive‘indexés n=1.9 and n=1.6 were
employed with being mixed in a ratio of 8:2, when the minute
transparent balls 12 of two kinds having different refractive
indexes.n=1.9 and n=1.8 were employed with being mixed in a
ratio of 8:2, and when only the minute transparent ball 12

having a refractive index n=1.9 was employed. : —»'-—““’”'~—f—
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I ndexes n=1.9 and n=1.6 were enployed with being mxed in a ratio of 6:4,
when the mnute transparent balls 12 of two kinds having different
refractive indexes n=1.9 and n=1.6 were enployed with being mxed in a
ratio of 19:1, when the mnute transparent balls 12 of two ki nds having
different refractive indexes n=l.9 and n=1.6 were enployed wth being
mxed in a ratio of 97:3, and when only the mnute transparent ball 12
having a refractive index n=1.9 was enplgayed." Study of FIGS. 44
and 45 reveals that the gain curves shown in FIGS. 44 and 45 coi nci des

wi th each other and hence this sinmulation result showm in FIG 44 is

pr oper. Table 2 shows a sinulation result of a peak gain of a
screen, a gain obtaFA6d 4# s brgraplyishoying(MeASNESRRNth L dBRARARRE at a
bend angl e _of ,20[err] obtained when the m nute_.trapnsparent halls 12 of two
ki nds havl"?‘?ﬁ"*‘f%‘éé rgh %E&e\/wﬁasxﬁganﬂamt. g”%ﬂrﬁ iﬂlgg W9 L1951 oyed. In

the- oo P8 Gt perr B e iR iRt Bl abCn ot R S s o

t han 2.4, ul ted algyat cr : . en v t ain
obt ai ned 5@?8@% aIn%ISFeﬁc/ff 4%CJ[ Bilris lada @' afecnaday s, das, Qﬁg?

_ err] s equal to or |arger than 1/ 3
larger, i .and 438%Pé lwiidRincd cuRvebepésEsdtlivélie obtained when only the

44 - result is evaluated with an open circle, and when the value is
smal | er t imu$@dfrahspassnt tbald d2ahawving avitdfractrizesindex n=1.6 was
Table 2 screen gain shadi n 30[err]

employed, when the minute transparené’ballsgﬁanof two kinds
having different refractive indexes n=1.9 and n=1.6 were
employed with being mixed in a ratio of 1:9, when the minute
transparent balls 12 of two kinds having different refractive
indexes n=1.9 and n=1.6 were employed with being mixed in a
ratio of 3:7, when the minute transparent balls 12 of two kinds
having different refractive indexes n=1.9 and n=1.6 were
employed with being mixed in a ratio of 5:5, when the minute
transpareﬁt balls 12 of two kinds having different refractive
indexes n=1.9 and n=1.6 were employed with being mixed in a
ratio of 7:3, when thé minute transparent balls 12 of two kinds
having different refractive indexes n=1.9 and n=1.6 were N
employed ‘With being mixed in a ratio of 8:2, when the mingfe
transparent balls 12 of two kinds having different refractive
indexes n=1.9 and n=1.6 were employed with being mixed in a
ratio of 8.5:1.5, &nd when only the minute transparent ball 12
having a refractive index n=1.9 was employed.

FIG. 45 is a graph showing measurement of luminance
obtained when the minute transparent balls 12 of two kinds
having different refractive indexes n=l.9 and n=1.6 were

employed. In FIG. 45, curves 45a, 45b, 45c, 45d, 45e and 45f
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arr angenent n=1.9 n=1.6 peak 30[err] 20[ err] 2.4 or nore 33%

or more  100% 0% 1.952  49%  30% X O  98%

2% 2 326 —4T9% F1% X O  97% 3% 2.512

38% a5 eplaced O O  96% 4% 2.699  35%  49%
This Shelt Has Been Rep % 5% 2.886 32%  52% 0 X

80% z\m\\m\ﬁ%\mmm 76% 0 X 60% 40%

9. 420 ) X 40% 60% 13.154 5%

89% X 20% 80% 16.888 3% 92% 0

X 10% 90% 18. 755 © 3% 92% o X 0%

100% 20.622 2% 93% R X - Study of

Tabl e 2 reves duntiaanthecsrvese respectivedy obtminadwhent onhypeheminmlel 12
of two ki nds having the refractive indexes of n=1.9 and n=1.6 and m xed
in ratios o*fran-‘!PPIZ?né'—nBa@B L2 daving at refyachive ddex 87 -6fWadhe peak gain

SR e BT B,

) 12
s, P O B
enpl oyed. éhn@'%] cflﬁut‘fluf%fﬁ Apfred l?ii t16651f 24"669 %‘An‘l%ﬁ minute

45 are lu ce curves r spectlv talned when only the m nute
t ranspar ent tb@ddparbrita baldsal 2 edf asio \kanuednavmg &Memégysduwen ‘the

m nute transparent balls 12 of two kinds
indexes n=1.9 and n=1.6 were employed with being mixed in a
ratio of 6:4, when the minute transparent balls 12 of two kinds
having different refractive indexes n=1.9 and n=1.6 were
employed with being mixed in a ratio of 19:1, when the minute
transparent balls 12 of two kinds having different refractive
indeies n=1.9 and n=1.6 were employed with being mixed in a
ratio of 97:3, and when only the minute transparent ball 12
paving a refractive index n=1.9 was employed.

Study of FIGS. 44 and 45 reveals that the gain cu;vés
shown in FIGS. 44 and 45 coincides with each other and hence
this simulation resulf shown in FIG. 44 is proper.

Table 2 shows a simulation result of a peak gain of a
screen, a gain obtained at a bend angle of 30° and shading
obtained at a bend angle of 20° obtained when the minute
transparent balls 12 of two kinds having the refractive indexes
of n=1.9 énd n=1.6 were employed. 1In this case, when a value of
the peak gain is equal to or larger than 2.4, the result is
evaluated with an open circle, and when the value is smaller
than 2.4, the result is evaluated with a cross. When a value of
the‘gain obtained at a bend angle of 30° is equal to or larger

than 1/3 of larger, i.e., 33% or larger of the peak gain, the



havi ng d|fferw%et|ve I ndexes n=2.1 and n=l.9 were enployed with

bei ng” ™ xed i |n a r of 2:8, when the mnute transparent balls 12 of two
Ki ndsmiasue refractive indexes n=2.1 and n=1.9 were enpl oyed
with b ratio of 4:6, when the mnute transparent balls 12
of twol dlfferent refractive indexes n=2.1 and n=1.9 were

enpl oy vmt be| ng mxed in aratio of 6:4, when the mnute transparent
balls 12 of two kinds having different rggractive indexes n=2.1 and n=1.9
were enployed with being mixed in a ratio of 8:2, and when only the minute
transparent ball 12 having a refractive index n= 2 .1 was enpl oyed.
Table 3 shows a sinulation result of a peak gain of a screen, a gain

obt ai ned atreswdndsafyabuadtedoith anaepeshadrele, cindiwhea sheavabwel gl e
of 20[err] obtained when_ the mnute_transparent balls 12 of two kinds
havi ng t he $R&ll&s than; Adkxckhe gesplx }Saﬁgaﬁ‘l@?q’d\fﬂé‘r@ @nfF8§8d. In this
case, when a value of the peak gain is equal to or larger than 2.4, the
.result is evaluated with an open circle, and when the value .is smaller
than 2.4, the result is evaluated withpg,g&0oss. Wien a value of the gain
obtained at a bend angle of 30[err] is equal to or larger than 1/3 of

| arger, i.e @?ﬁ Fesult |?€?ﬁﬁﬁ/\ﬁth
an open cir %’Fﬁ?%@n t he SdPue i SRAEM%L t h8Ri30, tlhe redfit
eval uat ed ra,;’r 46

Table 3 ssilelnn=1.6 | pedk | 30° shadiO’g 2.4garnmore | 33% ofOfere]
ar r angenent :

1003 | 0% | 1.952 |49% | 303 X O
08% | 2% | 2.326 |4a1% | -a1% X O
“ 97% | 3% | 2.512 |38% | 4s% O O
“ 963 | 4% | 2.699 | 35% | 49% O O
o5% | 5% | 2.886 | 328 | 528 O X
80% | 20% | 5.686 | 15% | 763 O X
60% | 40% | 9.420 | 8% 85% O X
40% | 60% [13.154 | 5% | 898 O X
20% | 80% |16.888 | 3% | 92% O X
108 | 908 |18.755 | 3% 92% O X
O X

0% 100% | 20.622 | 2% 93%

---Study of Table 2 reveals that the screen empldying
-the minute transparent ball 12 of two kinds having the |
refractive indexes of n=1.9 and n=1.6 and mixed in ratios of
97:3 and 96:4 could satisfy the conditions of the peak gain of
2.4 or more and the gain obtained at the bend angle of 30° being
equal to or larger than 33%.

FIG. 46 is a graph showing measurement of luminance

obtained when the minute transparent balls 12 of two kinds
having different refractive indexes n=2.1.and n=1.9 were

~employed. In FIG. 46, curves 46a, 46b, 46c, 46d, 46e and 46f



n=2.1 n=1.9 peak 30[err] 20[ err] 2.4 or nore 33% or nore 100%
0% 1.192 64% 18% X O 90% 10% 1.268 62%

20% X O 80% 20% 1.344 60% 21% X

O 70% 30% 1.420 58% 23% X O 60% 40%
1.496 56% 24% X O 50% 50% ~ 1.572 55%
25% X O 40% 60% 1.648 53% 26% X
O 30% 70% 1.724 52% 27% . 47 X O 20% 80%
1. 800 51% 28% X O 10% 90% 1.876 50%
29% X O 0% 100% 1.952 49% 30% X
O Study of Table 3 reveals that the screen enploying the

m nut e traf5Pal@Rninange curves reppe¢hivelnwbtginad whed oy ke mdaube of
n=2.1 and n=1.9 couldn't satisfy the conditions,of the :Peak gain of 2.4 or

nore and t KE2BSPATEBE Rddd 1 25PavaRI R ke ERAGtE Ve 1888% (L v iWA§ equal ]Eo or
| h 33% El 47 ] ' t

e nance. SBBISYRGH YARA, H% MPHSE T I IR Pat iRl 12 Tof Gy \r’ﬁ‘rﬂ‘éﬁndg ]
havi di f | ' = =1. . In Fl
17" Cor ves 8YEAb SEHFEEY GostlELI0e TRl 00CH Bl ST Cd. I

respecti velep2byyad @t ML mi xbliei il U id bIN2RE, eheRdte kdnkde Ng a
refractive index n=1.8 was ‘enployed, when the mnute transparent balls 12
of two ki ndsansparentdhdXlr A% ofetwackings ileoeings dhffefterntdrafrhct iwer e
enpl oyed with being mxed in a ratio of 15:85, when the mnute
indexes n=2.1 and n=1.9 were employed with being mixed in a
ratio of 4:6, when the minute transparent balls 12 of two kinds
having different refractive indexes n=2.1 and n=1.9 were
employed with being mixed in a ratio of 634, when the minute
transparent balls 12 of two kinds having different refractive
indexes n=2.1 and n=1.9 were employed ﬁith being mixed in a
ratio of 8:2, and when only the minute transparent ball 12
having a refractive index n=1.9 was employed.

Table 3 shows a simulation result of a peak gain of a
screen, a gain obtained at a bend angle of 30° and shading
obtained at a bend angle of 20° obtained when the minute
transparent balls 12 of two kinds having the refractive-iq@gxes
of n=2.1 and n=1.9 were eméloyed. In this case, when a vé;pe of
the peak gain is equal to or larger than 2.4, the result is
evaluated with an open circle, and when the value is smaller
than 2.4, the result is'evaluated with a cross. When a value of
the gain obtained at a bend angle of 30° is equal to or larger
than 1/3 of larger, i.e., 33% or larger of the peak gain, the
result is evaluated with an open circle, and when the value is

smaller than 33%, the result is evaluated with a cross
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transparent balls 12 of two kinds having different refractive indexes
n=2.1 and- ﬁ—i—BL—wefe—eﬁﬂpi—eyed with being mxed in a ratio of 2:8, when the

mnutetrﬁi ae{ﬁn 2 of two kinds having different refractive
i ndexes n= enpl oyed with being mxed in a ratio of
44:56, whe l l transparent balls 12 of two kinds having different

refractive 1andn18vvere enpl oyed with being mxed in a
ratio of ‘6:4, and when only the mnute t48ansparent ball 12 having a
refractive index n=2.1 was enpl oyed. Tabl e 4 shows a sinulation
result of a peak gain of a screen, a gain obtained at a bend angle of
30[err] and shading obtained at a bend angle of 20[err] obtained when the
mnute transparent balls 12 of two kpghte aving the refractive indexes of

n=2.1 and n=1.8 were enployed. In this case, when a value of the peak
galn is eqffar To o1 targer tham 2.4, IS T Co|

circle, an ?&m\:/ | ue 19818l Ie hﬁq‘}é}ﬁ P. 4, g?‘fjfg resy

wWith a crofs e of the dain aobhta nnr] at 2o hed

~4 J I S
equal to ofjnFar} peak of] 3G der ,2G°, e 2339 urmoxe deB3&f or hmwope
gain, the {r I 'gg VRl U d CIrcl and J}hen t valugis
smal ler thiin _33%] t 2 r=suﬁ?§ V%%/QIJuat vm h a ¢ross @

Tabl e 4 90%Criearns 1.268ai r‘szg stwi ng xgain 30[ erlf ]
arrangenen 2-l-n-l-8-—pes Ferr] 20L-er+] 2—4—0f—HDLe 3%
or nore 160% | 20% | 1..paz TW/% 123% XX O

70% 30% 1.420 | 58% 23%
60% 40% 1.496 | 56% 24%
50% 50% 1.572 | 55% 25%

40% 60% 1.648 | 53% 26%

30% 70% 1.724 | 52% 27%
20% 80% 1.800 | 51% 28%

10% 90% 1.876 | 50% 29%
0% 100% | 1.952 | 49% 30%

XIXIX|IX|IX]|X]|X][X

Study of Table 3 reveals that the screen employing
the minute transparent ball 12 of two kinds having the
refractive indexes of n=2.1 and n=1.9 couldn't satisfy the
conditions »f the peak gain of 2.4.or more and the gain obtained
at the bend angle of 30° being equal to or larger than 33%.

FIG. 47 is a graph showing measurement of luminance
obtained when the minute transparent balls 12 of two kinds
having different refractive indexes n=2.1 and n=1.8 were
employed. In FIG. 47, curves 47a, 47b, 47c, 474, 47e and 47f
are luminance curves respectively obtained when only the minute
transparent ball 12 having a refractive index n=1.8 was
employed, when the minute transparent balls 12 of two kinds

having different refractive indexes n=2.1 and n=1.8 were



80% 20% 1.626 50% 30% X O 60% 40%

2. 060 43% 37% X O 45% —55% 2. 386 39%

41% X O 44%  56%  2.408 F3Y8heet Had Been Replaced @)
O 30% 70% 2.712 36% 44% O % 80%
2.°929 34% 45% O O 16% w(ll“‘%lil}% 33%
46% O O 15% 85% 3.038 _

O X 10% 90% 3. 146 33% 9 47% O X

0% 100% 3.363 31% 48% AO X St udy of

Table 4 reveal s that the screen enploying  the mnute transparent balls 12
of two kinds having the refractive indexes of n=2.1 and n=1.8 and m xed in

a ratio of ongiRyledl WBEth' BEIAD dnildcd i AOX0 £t 14 % ANG :ig%  awhBh' €8O GRMRG rati o
of the latter ranging from84%to 56% could satisfy the conditions of the

peak gai n cfrahsparentobeldsdl2 ef gaionkbhiai nedinqidififereatdrafgaet Dfe 30
being equal to or larger than 33% FIG 48 is a graph show ng
measur enentindexesrinFdnd eand m=al +f weriecempheyed i th thedmgpaised talas 12 of
two kinds having different refractive indexes n=2.1 and n=1.7 were,

enpl oyed. |¥RFAGONME:8c when Yoy misgte tganspapeniydaldsd 128pf hwe kimdshance

: tj vely. Qgbtai ned only th ' t t ball 12
i ng o r drFeRg i Rsept e tech i Ynndsed A4 L A A RIREE, anspar ent

T L2 ik ol BNl ALY LRV SR e s
transpar entypahdFarentObaits kb née Hiay ikigadi hheirglaisfdibid Yofractive
indexes n=2.1 and n=1.8 were employed with being mi#ed in a
ratio of 6:4, and when oniy the minute transparent ball 12
having a refractive iﬁdex n=2.1 was employed.

Table 4 shows a simulation result of a peak gain of a
screen, a gain obtained at é bend angle of 30° and shading
obtained at a bend angle of 20° obtained when the minute
transparent balls 12 of two kinds having the refractive indexes
of n=2.1 and n=1.8 were employed. In this case, when a value of
the peak gain is equal to or larger than 2.4, the result is
evaluated with an open circle, and when the value is smaller
than 2.4, the result is evaluated with a crbss. When a vglue of
the gain ‘débtained at a bend angle of 30° is equal to or larger
than 1/3 of larger, i.e., 33% or larger of the peak gain, the
result is evaluated with an open circle, and when the value is

smaller than 33%, the result is evaluated with a cross

Table 4
screen gain shading gain 30°
arrangement _ -]
n=2.1 |{n=1.4 | peak | 30° 20° 2.4 or more | 33% or more
100% | 0% | 1.192 | 64% | 18% X O |




49 I ndexes n=2.1 and n=1.7 were enployed wth being nTXfmfﬁﬂ+ﬁ}—~LaLLﬂ_Q__
4.6,. when the mnute transparent balls 12 of two kinds hayjrg ¢ fferent
refractive indexes n=2.1 and n=1.7 were enployed with bein lmxd
ratio of 6:4, when the mnute transparent balls 12 of two ,,
different refractive indexes n=2.1 and n=1.7 were enpl oye

mxed in a ratio of 8:2, and when only the m nute transparent bal

having a refractive index n=2.1 was enpl 69ed. Table 5 shoms a
sinmulation result of a peak gain of a screen, a-gain obtained at a bend
angl e of 30[err] and shading obtained at a bend angle of 20[err] obtained
when the mnute transparent balls 12 of two kinds having the refractive
i ndexes of i ng@s 1|angsnily /636 Fsogplloyads | thisyease, phen acryal ue
the peak galn_is gqual tlo or |alger fihan 2 41 the result §s evatuatedlwith
an open cir eo%ard4ﬂﬁer 2he6bal ua%i § skl erj thank 2.4, {he regplt is

eval uat ed +h—a—gross—pher—a—ralvetef—thejgatrr—obtatne

of 30[err] §s4@fudl 5b% crzl-aﬁge 3%%n4n #1% of| largef, i.ef,
of the peakjTg i affuat nam Qpemn circte,—amd
t he val ue i iléﬁall%?éth 2 é@b t é ﬁ% eval ddted wjth a &¥oss

Table 5 366" 9eRos | 2.7981 D 363 ngglng| ain (RD3O[err]
arr angenent n=211 n=11 ___ peak [ err] 20l ery] 2 4 or re 3%
or nore  1)0%% (¥B0%1.{192292964%4% [18%5% O O O “90%
10% 1. 736—45% 38% > . 0—=86%—1—20%——2—284
349%  48% | 16% | 84% | 3.016 | 33%p| 463 O O ]
15% 85% | 3.038 | 33% 46% O X -
10% 90% | 3.146 | 33% 47% O X
0% 100% | 3.363 | 31% 48% O X

Study of Table 4 reveals that the screen employing
the minute transparent balls 12 of two kinds having the
refractive indexes of n=2.1 and n=1.8 and mixed.in a ratio of
the former rahging from 16% to 44% and in a corresponding ratio
of the latter ranging from 84% to 56% could satisfy the
conditions of the peak gain of 2.4 or more and the gain obtained
at the bend angle of 30° being equal to or larger than 33%.

.-~FIG. 48 is a graph showing measurement of lumlnance
obtained when the minute transparent balls 12 of two klnds
having different refractive indexes n=2.1 and n=1.7 were
employed. In FIG. 48, curves 48a, 48b, 48c, 48d, 48e and 48f
are luminance curves respectively obtained when only the minute
transparent ball 12 having a refractive index n=1.7 was
employed, when the minute transparent balls 12 of two kinds
having different refractive indexes n=2.1 and n=1.7 were
employed with being mixed in a ratio of 2:8, when the minute

transparent balls 12 of two kinds having different refractive.
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X .30 17% 67% O ' X 20% 80%
5.548 0 ) O
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X 10% 90% 6.092 14%
69% X 0% 100% 6.637 13% . 70% O
X Study of Table 5 reveals that the screen enploying the
m nute transparent balls 12 of two Kinds having the refractive indexes of
n=2.1 and n=1.7 couldn't satisfy the conditions of the peak gain of 2.4 or
nore and the gain obtained at the bend angle of 30[err] being equal to or
l'arger thaRndd¥%s n=2.1 and n=1.% wéQelémﬁlc@re%oui%hoseﬂﬁ%m qFeRt of
| um nance obtai ned when the mnute transparent balls 12 of two ki nds
havi ng di f rardot of ef G twhen itheewdAnbe A damyphrent. balksel2 enpliweedkinds Fl G
49, curves 49a, 49b, 49c, 49d, 49e and 49f are |um nance curves
r espect i velhavibgatihEflenent mefivactivenindexes m=2ndpandnn=bal |wer® havi ng a
refractive index n=1,6 was, enployed, when the m nute transparent balls 12
of two ki n@EPIRYGANYLth fhqing,mixed, dntd Eatigi O § :A=owhen nbhe Mitgitger o
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n_:2.t1 and Raki® Wer 8:2§ "Rh@KAidn yPehaUnfues trandpazkhe BA16:¥3 When the
m nut e .

having a refractive index n=2.1 was employed.

Table 5 shows a simulation result of a peak gain of a
screen, a gain obtained at a bend angle of 30° and shading
obtained at a bend angle of 20° obtained when the minute
transéarent balls 12 of two kinds having the refractive indexes
of n=2.1 and n=1.7 were employed. In this case, when a value of
the peak gain is equal to or larger than 2.4, the result is
evaluated with an open circle, and when the value is smaller
than 2.4, the result is evaluated with a cross. When a value of
the gain obtained at a bend angle of 30° is equal to or larger
than 1/3 oflla;ger, i.e., 33% or larger of the peak gain, the
result is evaluated with an open circle, and when the value is

smaller than 33%, the result is evaluated with a cross

Table 5
screen gain shading gain 30°
arrangement
n=2.1 |n=1.7 { peak | 30° 20° 2.4 or more | 33% or more
100% 0% 1.192 64% 18% X O
90% | 10% | 1.736 | 45% | 38% |  x O |
80% | 20% | 2.281 [ 34% | 4ses X O |




51 transparent balls 12 of two kinds having different- L@LL&GPFV&————
i ndexes n=2.1 and n=1.6 were enployed with being mxed in a ratlo 0

and when only the mnute transparent ball 12 having aThi

n=2.1 was enpl oyed. Tabl e 6 shows a S|nulat " peak
gain of a screen, a gain obtained at a bend angle of 3

obt ai ned at a bend angl e of 20[err] obtained when the mnute transparent
balls 12 of two kinds having the refractigg indexes of n=2.1 and n=1.6
were enployed. In this case, when a value of the peak gain is equal to or

| arger than 2.4, the result is evaluated with an open circle, and when the
value is small er than 2 4, the result is eval uated mnth a cross. Wen a

f (5] T met—at beng—eatete
Ve 1&% %pérde?' #3e ?8§BOoo§%ﬁargEr of Dhe pe¥k gai % the

| arger tha

result is effa t §d Tt pe of 41 € - agnd en T varmE—Ts——sﬂa#+ET
than 33% t ek?gSL|#W%S eva uate&ﬁﬁith gggros kﬂ X

Tabl e 6 seerqemo% 3.994i D 21% s%g@ingr ain 30 erT
arr angerrent n=241..n=1.16 pnal( 20 20 2 4 0 nmor.e 33% Or_nor
100% 0% 60%%| 4.489% | 19% 65% O O 90% % 10%

—

3.315 239 ¥t —80%—20% 5078 14%
79% 70% s-swscT 17%0% 638% | 7.020 109 84%
@) 510Ny A . 7% 8T O X
50% 50% 808, ['5548, 13% | s O «x 409 60%
12.850 4% 10%90%90% | 6.092 | 143 693X O | X

_ “ 0%. | 100% | 6.637 | 133 | 70% O X

Study of Table 5 reveals that the screen employing
the minute transparent balls 12 of two kinds'having the
refractive indexes of n=2.1 and n=1.7 couldn't satisfy the
conditions of the peak éain of 2.4 or more and the gain obtained
at the bend angle of 30° being equal to or larger than 33%.

FIG. 49 is a graph showing measurement of luminance
obtained when the minute transparent balls 12 of tﬁo kinds
having different refractive indexes n=2.1 and n=1.6 were
employed. In FIG. 49, curves 49a, 49b, 49c, 49d, 49e and 49f
are luminance curves respectively obtained when only the minute
transparent ball 12 having a refractive index n=1.6 was
employed, when the minute transparent balls 12 of two kinds
having different refractive indexes n=2.1 and n=1.6 were
employed with being mixed in a ratio of"2:8, when the minute
transparent balls 12 of two kinds having different refractive
indexes n=2.1 and n=1.6 were employed with being mixed in a

" ratio of 4:6, when the minute transparent balls 12 of two kinds
having different refractive indexes n=2.1 and n=1.6 were‘:

employed with being mixed in a ratio of 6:4, when the minute
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St udy of Table 6 reveals that the screen e
m nute transparent balls 12 of two kinds having the refractlve |ndexes of
n=2.1 and n=1.6 could not satisfy the conditions of the peak gain of 2.4
or nore and the gain obtained at the beyy angle of 30 being equal to or
| arger than 33% : FIG 50 is a graph show ng neasurenent of
| um nance obtained when the mnute transparent balls 12 of two ki nds
having different refractive indexes n=2.1 and n=1.5 were enployed. In FIG

50, curvestidimspaydnt batls S0, o5 Q8 kdnd8f hatifg |dififerent eHE¥&Stive
respectively obt ai ned when only the mnute transparent ball 12 having a

refracti veindaies m=2.3 and nehpb oseack empdoyetiewitinlieing avixedr éntabal | s 12
of two kinds having different refractive indexes n=2.1 and n=1.5 were
enpl oyed Watidp&fh@ Ri-xandi vhen renky the miputeneranspanantuballt idnsparent
balls 12 of two kinds having different refractlve i ndexes n=2.1 and n=1.5

were enpl BRYARG &h HEELAGEAVR ciRIer 1=2-d WeSoPmBI@Yedthen the ni nute
N2 1 and n=l 5 wer cTABHBI By PNE o SBHIRG CRPR T, ot BoBK B Ghéh the
s b APRRELENL ol SpbCiftali0 Litin Rt il dhalugeli 1 )
and when oawaixmi A& pentiaafigds cot AW lobtdined when the minute
transparent balls 12 of two kinds having the refractive inaexes
of n=2.1 and n=1.6 were employed. In this case, when a value of
the peak gain is equal to or larger than 2.4, the result is
evaluated with an open circle, and when the value is smaller
than 2.4, the result is evaluated with a cross. When a value of
the gain obtained at a bencl angle of 30° is equal to or larger
than 1/3 of larger, i.e., 33% or larger of the peak gain, the

result is evaluated with an open circle, and when the value is

smaller than 33%, the result is evaluated with a cross

Table 6
screen gain shading gain B 30° “
arrangement
n=2.1 |[n=1.6 | peak | 30° 20° 2.4 or more | 33% or more
100% 0% 1._192 64% 18% x O l
90% 10% 3.315 23% 67% O X
80% 20% 5.078 14% 79% O X
70% 30% 7.021 10% 84% O X
60t | 40% |'8.964 | 7% | 87% @) X
“ 50% | 50% |10.907 | 6% 89% O X
“ 40% | 60% |12.850 | 4% 90% O X




having a refractive index n=2.1 was enpl oyed. _ ———‘Fﬂﬂ7§‘7‘§56ﬁ5—a
sinmulation result of a peak gain of a screen, a gain ob?gggﬁg}ﬁgg

angl e of 30[err] and shading obtained at a bend angle o

when the minute transparent balls 12 of two kinds haV|ng

I ndexes of n=2.1 and n=1.5 were enployed. In this case,

the peak gain is equal to or larger than 2.4, the result is evaluatgd wth
an open circle, and when the value is sna%{ than 2.4, the result is

eval uated with a cross. Wien a val ue of e gain obtained at a bend angle
of 30[err] is equal to or larger than 1/3 of larger, i.e., 33%or |arger
of the peak gain, the result is evaluated with an open C|rcle and when

t he val ue i T L Sred [T HE TTES H—tsTevatuatet—w

Table 7 3§§aee§%% FH.‘7§§J14§ é&lng ain o
arrangenment | 29%2.|1 1.P16 PPR<| 3 O[err POl err, Z. 0
or nore 190% alb%1 ]962 3z%§ 20% 2% Q 90%
10% 40.71% 10% | 908%|18.679 | 38 @ o93s X (O 80% | 20% 80. 238
08% X 1094 . 130% 11b_76 0% 999% @)
X 60% 4 0106% [020.62D¢9oR% X 5% 500
198. 81 0% e e Q0500220 22 ——004
100% @) X 30% 70% 277.85 0% 100% @)

X 20% 80% 317.
356.90 0% 100%

the minute transparent balls 12 of two kinds having the

§§udy(g§)Ta5¥gy%)revea&§ 1At the screen)émplofgﬁ% 90%

refractive indexes of n=2.1 and n=1.6 could not satisfy the
conditions of the peak gain of 2.4 or more and the gain obtained
at the bend angle of 30° being equal to.or larger than 33%.
FIG. 50 is a graph showing measurement of luminance
obtained when the minute transparent balls 12 of two kinds
having different fefractive indexes n=2.1 and n=1.5 were
employed. In FIG. 50, curves 50a, 50b, 50c, 50d, 50e and 50f
are luminance curves respectively obtained when only the minute
transparent ball 12 having a refractive index n=1.5 was
employed, when the minute transparent balls 12 of two kinds
having different refractive indexes n=2.1 and n=1.5 were
employed”ﬁifh.being mixed in a ratio of 2:8, when the minute
transparent balls 12 of two kinds having different refractive
indexes n=2.1 and n=1.5 were employed with being mixed in a
ratio of 4:6, when the minute transparent balls 12 of two kinds
having different refractive indexes n=2.1 and n=1.5 were
employed with being mixed in a ratio of 6:4, when the minute
transparent balls 12 of two kinds having different refractive
indexes n=2.1 and n=1.5 were employed with being mixed in a

ratio of 8:2, and when only the minute transparent ball 12
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Study of Table 7 reveals that the screen enpl oying theTmsﬂmaehsB@mB
balls 12 of two kinds having the refractive i ndexes of,% lgﬁ
o COoU satisfy

mxed in aratio of the former ranging from 16%to 44%
corresponding ratio of the latter ranging from84%to 5
the conditions of the peak gain of 2.4 or nore and the gain obtained at
the bend angle of 30 being equal to or lagger than 33% FIG 51
is a graph show ng neasurenent of |um nance obtained when the m nute
transparent balls 12 of two kinds having different refractive indexes
n=1.9 and n=1.8 were enployed. In FIG 51, curves 51a, 51b, 51c, 51d, 5le

and 51f argavif RAFEFradties iRSHEG=2 ! wasbémprwbdthen only the mnute
transparent ball 12 having a refractive index n=1.8 was enployed, when the

m nut e transparent bafrabld 27 cshdwso akisiitialabhon nopsilief efeat peak rgein \wef a
i ndexes n=1.9 and n=1.8 were enployed with being mxed in a ratio of
17: 83, wherSe¥RemN @uigaing phhgpae@mt tPalblend] anglet @ 30 hamdhahadingdi f f er ent

refractive Jndexes n=1.9 and n=1.8 were enployed with heing mxed in a
ratio of 2:%Pt W%Wﬁﬂfieaflg%ﬁ%rzé’nt °P§PF—§e§2"’l&ﬁn t&he Pgﬂé} € havi ng

mxed in a PaEPHeRs BAIECAR G R Teide RakEhE, Wi R RO YO REeR% nos
32thgn?;258?ﬁﬂ¢2rgg%?g%g egghggg @%%ﬁ ggﬂ %eaﬁ¥%%$gﬁgﬁg%gpgrent al
12 the peak gain is equal to or larger than 2.4, the result is
evaluated with an open circle, and when the value is smaller
than 2.4, the result is evaluated with a cross. When a value of
the gain obtained at a bend angle of 30° is equal to or larger
than 1/3 of larger, i.e., 33% or larger of the peak gain, the

result is evaluated with an open circle, and when the value is

smaller than 33%, the result is evaluated with a cross

Table 7
screen gain shading gain 30°
arrangement :
n=2.1 {n=1.5| peak | 30° 20° 2.4 or more | 33% or more
100% ’.9%- 1.192 | 64% 20% X O
90% .10% 40.715 | 2% 18% O X
80% 20% }80.238 | 1% 98% O X
70% 30% 119.76 0% . 99% O X
‘ 60% | 40% |159.28 | 0% | 99% e X
} 50% 50% - |198.81 0% 100% O X
40% 60% 238.33 0% 100% O X
30% 70% 277.85 0% 100% O X
20% 80% 317.38 0% 100% O X
“ 10% 20% 356.90 0% 100% O X




having a refractive index n=1.9 was enpl oyed.

55 . Table 8 shows a sinulation result of aTh

screen, a gain obtai ned at a bend angl e of 30[err] and ed at
a bend angle of 20[err] obtained when the mnute trans

two ki nds having the refractive indexes of n=1.9 and n=1.8 mere e
In this case, when a value of the peak gain is equal to or |arger than

2.4, the result is evaluated with an ope ircle, and when the value is
smaller than 2.4, the result is evaluate ith a cross. Wien a val ue of:
the gain obtained at a bend angle of 30[err] is equal to or larger than
1/ 3 of Iarger I.e., 33%or Iarger of the peak gain, the result is ]
eval uat ed O T e SR SUR LA strafrter—thamr—339%y t he
result is e“al&ate i@é%twé?ﬁﬂAgé B I aille! X Tabl d 8
screen galn______ snhadrng garn SO[ er 1] ar T arngenent
n=1.9 n=1.8 peak 30[ err] 20[ err] 2.4 or nore 33% or nore 100%
0% 1.952 49% 39Lady of Tabl¥ 7 reveals tha® the888reer My ‘?1d&i%§5 44%
35% X O 69% 31% 2.390 41% 389 X

o) 68% Umminnte0grangpssent 38tkls 12 of tw® kinds having thé® 50%

50% 2.658 38% 41% 0] O 30% 70% 2.940
350 44%refract1ve dndexes of n—2 1 @nd nsdeh axgb%lxe;gl dola rgﬁi@ of 45%

O % .82%

0,
0O 17% tfg%of%rn@rlfgnglgg rom to 2%4) and d.n a corresponglng raq:g%
90%  3.22%¢ ei®1attéfkanging from(g4% to 56% codld satisfy the

conditions of the peak gain of 2.4 or more and the gain obtained
at the bend angle of 30° being equal to or larger than 33%.
FIG. 51 is a graph showing measurement of luminance
obtained when the minute transparent balls 12 of two kinds
having.different refractive indexes n=1.9 and n=1.8 were
employed. In FIG. 51, curves 5la, 51b, 51lc, 51d, 51le and 51f
are luminance curves respectively obtained when only the minute
transparent ball 12 having a refractive index n=1.8 was
employed, when the minute transparent balls 12 of two kinds
having different refractive indexes n=1.9 and n=1.8 were
employed with being mixed in a ratio of 17:83, when the minute
transparéﬂ£ balls 12 of two kinds having different refractive
indexes n=1.9 and n=1.8 were employed with being mixed in a
ratio of 2:8, when the minute transparent_balls 12 of two kinds
having different refractive indexes n=1.9 and n=1.8 were
employed with being mixed in a ratio of 5:5, when the minute
transparent balls 12 of two kinds having different refractive
indexes n=1.9 and n=1.8 were employed with being mixed in.a
ratio of 69:31, and when only the minute transparent ball 12

having a refractive index n=1.9 was employed.
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Study of Table 8 reveals that the screen enpl oying the nnhmstmttlas
balls 12 of two kinds having the refractive indexes of n=

mxed in a ratio of the former ranging from 18%to 68%an

corresponding ratio of the latter rangi ng from82%to 32%cou satl

the conditions of the peak gain of 2.4 or nore and the gain obtained at
t he bend angl e of 30 being equal to or Iarger than 33% ° FIG 52
is a graph show ng neasurenent of |um nafée obtai ned when the ninute

transparent balls 12 of two kinds having different refractive indexes
n=l.9 and n=1.7 were enployed. In FIG 52, curves 52a, 52b, 52c, 52d, 52e

and 52f are |um nan pec N, 05k Yj ¢ ' e
transparent ball 12 ﬁ'g%l?%%\ﬁs%t{o agt%%ﬂe{&*%ﬁgﬁ q:lé%ﬁ(;twa@ eélrp kﬁe}gu{n\ﬁ%g% t he

m nute transpesei)t abahlif dBt@indavatkianBendhang1e ok fFeer anh sREGAGST Ve
I ndexes n=1.9 and n=1.7 were enployed with being mxed in a ratio of 3:7,

when t he mnichtained altspabend dmdles cff? 207 bbeakned whwayithe aihbeeent

refractive indexes n=1.9 and n=1.7 were enployed with being mxed in a
ratio of 7: ieramemebﬁruat&to%mmdSbhaVsngzttmf refraktive ihdexewm)
different refractive |ndexes n=1.9 and n=1.7_were,£ enployed w th being

mxed ina€® LT -k 28s Bl - Frwere r?é“ﬂ%%(&fie IRHRbs caRe hwhes aovalue Rf

w th boi ng % &se e $6; §84eY Gra S THTHRE BRR o 1hre HHien SERULE abRpal ent

bal I 12 evaluated with an open circle, and when the value is smaller
than 2.4, the result is evaluated with a cross. When a value of
the gain obtained at a bend angle of 30° is equal to or larger
than 1/3 of larger, i.e_., 33% or larger of the peak gain, the
result is evaluated with an open circle, and when the value is

smaller than 33%, the result is evaluated with a cross

Table 8
screen gain shading gain 30°
arrangement : . :
n=1.9 [n=1.8| peak | 30° | 20° 2.4 or more | 33% or more
100% 0% 1.952 | 49% 30% %

80% 20% 2.235 | 44% 35%

=

69% 31% 2.390 | 41% 38%
68% 32% 2.404 | 41% 38%

50% 50% | 2.658 | 38% | 41%

30% 70% 2.940 | 35% 44%

20% 80% 3.081 | 34% 45%
18% 82% 3.109 | 33% | 46%
17% 83% 3.123 | 33% 46%

10% 90% 3.222 32% 47%

X|x|x|O|O|0|0|0O]|0]|0]|0

O|0|0|O|O|O|0|0O| X

0% 100% | 3.363 | 31% 48%




having a refractive index n=1.9 was enpl oyed. Table 9 shows a

simylation result of a peak gain of a screen, a gal mmqﬂahend
angl e of 30 and. shadi ng

obtai ned at a bend angl e of 20 obtai ned when the m nut

12 of two kinds having the refractive indexes of n=1.9 and n= 1
enployed. In this case, when a value of the peak gain is equal to or

| arger than 2.4, the result is evaluateds®&i th an open circle, and when the
value is smaller than 2.4, the result is evaluated with a cross. Wen a
value of the gain obtained at a bend angle of 30[err] is equal to or
larger than 1/3 of larger, i.e., 33%or larger of the peak gain, the

result is evaluated with an open circle, and when the value is snaller
than 33% the result Stdyyafy ?BHevﬁtQ?Q?Q%ﬁo§§at the screen employing

-zli-?lr)!aﬁggrrenf:h ﬁgﬁgggnt?nfpal%é%baléﬁ[ig qg’fbl%"rd% havkng the m)rg()[ eg;}!’/o
O P T SR T i

39% 41%che former ﬁng:.n from 18¢Cto 68%%nd 13.51/03. c%r@é?pon@ﬁn@ ratde”0

baIIs

@) O 82%" 18% 2.796 34%
o] 81%of tH&0 1altéd Zrangiily froﬁSQ’Q% to 32% cdilld satisfy thé( 70%
30% 3. 358 28% 54% X 50% 50% 4.295

21% 61%conditions ¢f the peak galn of 2.4 or more and the gain obtained
at the bend angle of_30° being equal to or larger than 33%.
FIG. 52 is a graph showing measurement of luminance
obtalned when the’ mlnute transparent balls 12 of two kinds
" having different refractive indexes n=1.9 and n=1.7 were
employed. In FIG. 52, curves 52a, 52b, 52c, 52d, 52e and 52f
are luminance curves respectively obtained when only the minute
transpafent ball 12 having a refractive index n=1.7 was
employed, when the minute transpareﬁt balls 12 of two kinds
having different refractive iﬁdexes n=1.9 and n=1.7 were
employed with being mixed in a ratio of 3:7, when the minute
transpafent balls 12 of two kinds having different refractivé
indexes p=1.9 and n=1.7 were employed with being mixed in a
ratio of 7:3, when the minuté.transparent balls 12 of two kinds
having different refractive indexes n=1.9 and n=1.7 were
employed with being mixed in a ratio of 82:18,'when the minute
transparent balls 12 of two kinds having different refractive
indexes n=1.9 and n=1.7 were employed with being mixed in a
ratio of 9:1, and when only the minute transparent ball 12
having a refractive index n=1.9 was employed.
Table 9 shows a simulation result of a peak gain of a

screen, a gain obtained at a bend angle of 30° and shading



30% 70% 5.232 17% 66% 0 X 10%—90%

6. 168 14% 69% O X 0% — 100% 6. 637 lacedk 370
70% X Study of Tats Sheet RER R ot

t he screen enpl oyi ng the mnute transparent balls 12 avi ng

t he. 58 ref es of
‘'n=1.9 and n=1.7 and mxed in a ratio of the former ranging from82%to 90%

and in a corresponding ratio of the latts8r ranging from 18%to 10% coul d
satisfy the conditions of the peak gain of 2.4 or nore and the gain
obtained at the bend angle of 30[err] being equal to or larger than 33%
FIG 53 is _a graph show ng neasurenent of |um nance obtained when the

m nut e tr &vdSaned: abap| kend anglenefk 2Adsobtrinedy vhenr shenminese acti ve

i ndexes n=1.9 and n=1 6 re emloyed. .In FIG 53, curves 53a,. 53b, 53c,
534, S3e HHFISTRTCRFebRLIS OGPy BAAB HREIAY 3P EBEXPRBINSHURIERAS, « he
mnute tr Rar gn L | ractivg i n= | Qyed,
when t he ﬁ@na}ag"gréﬁggér%%f "Ega?%s goggﬁfmgi‘kitﬁld‘g%%g\?i'né?gxll:‘l\?;‘faen _ of
refracti V%ﬂé“i@&?@gﬁﬂ- Qsaétﬁha[f]tcﬁo‘ﬁeﬁ.ﬁrgégpéﬁ’é/ﬁci.\%t khBefaguit xgd in a
ratio of 2:8, 'when“the mnute transparent balls 12 of two kinds having

di fferent ewdlvaddd withnagxepen<lirdle)dandlvienaie eaueyed smialldei ng
mxed in a ratio of 6:4, when the mnute transparent balls 12 of two kinds
havi ng di ffkare.4retthacreselt nde)emluated with n-km®sser eWhenpd oyabueniafh
being mxed in a ratio of 95:5, when the mnute transparent balls 12 of
two ki nds We&igaindobtaiagd abfd kand/@angle of 30" is equal to or larger

than 1/3 of larger, i.e., 33% or larger of the peak gain, the
result is evaluated with an open circle, and when the value is

smaller than 33%, the result is evaluated with a cross

Table 9
screen gain shading gain 30°
arrangement
n=1.9 |n=1.7 | peak | 30° 20° 2.4 or more | 33% or more

100% 0% 1.952 | 49% 30%

91% | 9% | 2.374 |40% | 40%
90% | 10% | 2.421 | 39% | 41%
858 | 15% | 2.655 | 36% | 45%
82¢ | 18¢ | 2.796 | 34% | 47
81s | 19% | 2.842 | 33% | 48%
703 | 30s | 3.358 |28% | 54%

| sos | sos |4.295 [213 | 618

“ 308 | 708 |5.232 [ 172 | 66%
108 | 90% | 6.168 | 14% | 69%

[0% 100% | 6.637 | 13% | 70%

x| x|x|x|x|x|o]o]o|o]o

ololololololololo] x| x

1\

Study of Table 9 reveals that the screen employing

the minute transparent balls 12 of two kinds having the



I ndexes n=1.9 and n=1.6 were enployed with being mxed in a ratio of 97:3,
and when only the mnute transparent ball 12 having a réﬁmamxﬂﬂeBﬁm mmd
n=1.9 was enpl oyed. Tabl e 10 shows a S|nulat

peak gain of a screen, a gain obtained at a bend angle

obt ai-ned at a bend angl e of 20 obtai ned when the m nute transparent
12 of two kinds having the refractive indexes

59 of n=1.9 and n=1.6 were enployed. ¢ this case, when a value of the
peak gain is equal to or larger than 2.4, the result is evaluated with an
open circle, and when the value is smaller than 2.4, the result is
evaluated with a cross. Wien a value of the gain obtained at a bend angle
of 30[err] re¥rgg¥dve! Indéxdfifen=1t.028nd/ B8=Pf7 |HDffixed €n 2383605 Jfar ger
of the peak gain, the result 1s evaluated with an open circle, and when
the val ue ithe soBhker rahging Fponi B2 €6UHDY I sndVial Aot respbnaing asftio
Tabl e 10 screen gai n shadi ng, gai n 30[ err]
arrangenentof thellethet. Bangivepkrom3dBsr£p 10% couwd® @;art]lsfy ghd or m)re
33% or nore 100Q% 0%_ 1.952 49% 30@6
98% 20, condisjons, e, the peak gain of 2.4 or more and @he gg;gbobtqmged

: 9 5% . 49 9 35%
2905/012 38/0 tt v éend angle of 80 éuoq%ng eg%al 1-205%% angf% éilagz'g‘/gg.

O X 2 )4 o) 15 0 . X
60% 40% O 42 0 8 IG: 4 8155;? %Q'aph §r{8me Qné?asuremeﬂt ofl%la}(x)\lnag)&%

13. 154 S%btaind¥when the ®inute transpareﬁt balls 12 of two kinds

having different refractive indexes n=1.9 and n=1.6 were
employed. In FIG. 53, curves 53a, 53b, 53c, 53d, 53e and 53f
are luminance curves fespectively obtained when only the minute
transparent ball 12 having a refractive index n=1.6 was
employed, when the minute tranéparent*balls 12 of two‘kinds
having different refractive indexes n=1.9 and n=1.6 were
employed with being mixed in a ratio of 2:8, when the minute
transparent balls 12 of two kinds having different refractive
indexes n=1.9 and n=1.6 were employed with being mixed in a
ratio of 6:4, when thé minute transparent balls 12 of two kinds
having different refractive indexes n=1.9 and n=1.6 were
employed with being mixed in a ratio of 95:5, when the minute
transparent balls 12 of two kinds having different refractive
indexes n=1.9 and n=1.6 were employed with being mixed in a
ratio of 97:3, and when only the minute transparent ball 12
héving a refractive index n=1.9 was employed. |

Table 10 shows a siﬁulation result of a peak gain of
a screen, a gain obtained at a bend angle of 30’ and shading
obtained at a bend angle of 20° obtained when the minute .

transparent balls 12 of two kinds having the refractive indexes



20% 80% 16.888 3% 92% o X 10"%"' 90%

18.755 3% 92% o - X 0% eplaczb/o
93% O X St udy of Tabl e
t he screen enpl oyi ng the m nute transparent balls 12 of |ng

the . refractive indexes of n=1.9 and n=1.6 and m xed in a ratio of t he
former ranging from96%to 97% and in a corresponding ratio

60 of the latter ranging from4%to 3%could satisfy the conditions of
the peak gain of 2.4 or nore and the gain obtained at the bend angle of
30[err] being equal to or larger than 33% FIG 54 is a graph

showi ng nmeasurement of |um nance obtained when the mnute transparent
balls 12 of Ki ayi L ff e t e 5
were enpl oyfe\éipzﬁ’dq%?ﬂ R_Z egﬁ%/éesq@j%&e& H{f (Le%érhgﬁd 54 %ﬂije o

| umi nance cegy GRdICHRAN i ¥ebyugblEs ’Eﬁ:dl‘é(Q%@rOEthté‘Ql Mighdt @eshianspar ent

ball 12 having a refractive m%gx n=1 was enpl oyed' when the m nute

t ranspar ent evgl uftekf wifcn! A &paﬂSclfwmé nandi vhenettie ReflRCtiisV emhnTEX €S
n=1.9 and n=1.5 were enployed with being mxed in a ratio of -2:8, when the
mnute trabbaardeg, tdd sesplofis vevddvatedwithga difdss enWheaf ravalve of

I ndexes n=1.9 and n=1.5 were enployed with being mxed in a ratio of 6:4,
when t he mﬁh?@%#‘h%lél@ﬂ Bkl & sband smalgo ofi ﬁgs imquad o PEr éﬁ;ger

refractive | pdexe and n=1.5 we t h bei m.xed
ot o of " a: BRATNEA (e TAMGEe 1reanehat o IREOEE 25 BFe RRAN SRIS:nEDFng
di ffgrent r?&é@f&'i@ evaluated with an open circle, and when the value is

smaller than 33%, the result is evaluated with a cross

Table 10
screen gain shading gain _ 30° T
arrangement
=1.9 |[n=1.6 | peak | 30° 20° 2.4 or more | 33% or more
1008 | o% | 1.952 | 49% 30% X O
98% | 2% | 2.326 |41% | 413 ®
97% 3% | 2.512 | 38% 45% O O
96% | 4% | 2.699 |35% | 49% O O
95% 5% | 2.886 | 32% 52% O X
8o | 20% | 5.686 | 158 | 76% . O X
60% | 40% | 9.420 | 8% 85% O X |
40% | 60% |13.154 | 5% 89% O X
- 20% 80% |16.888 | 3% 92% O X
" 108 | 90% |18.755 | 3% 92% O X
0% | 100% [20.622 | 2% 93% O X

]

Study of Table 10 reveals that the screen employing
the minute transparent balls 12 of two kinds having the
refractive indexes of n=1.9 and n=1.6 and mixed in a ratio of

the former ranging from 96% to 97% and in a corresponding ratio



I ndexes n=1.9 and n=1.5 were enployed with being mxed in a—ratio—0f-8-2,

and when only the mnute transparent ball 12 having a refra%%iv | ndex

n=1."9 was enpl oyed. | Table 11 shows a sinul ation cf HasBeen Replaced
peak gain of a screen, a gain obtained at a bend angle of 30 P m I "ﬂ
shad{ ng obtained at a bend angle of 20[err] obtained when th '
transparent balls 12 of two kinds having the refractive indexes of n=1.9

and n=1.5 were enployed. In this case, wh a val ue of the peak gain is

equal to or larger than 2.4, the result is
61 eval uated with an open circle, and when the value is smaller than
2.4, the result is evaluated with a cross. Wen a value of the gain

o7, Lo L3Rt 6403 LeyEH 4B M,
an open Cirgt nAbaiglihNes VAl 467 Sior®™ahlieEns @d‘irﬁ%%_lt_:gt&?xgdﬁﬁ%ﬁei S

evaluated with a Cross

screen
gain Béridlidigle of g06F Nbeing equal ¥ okl largér remgeddst. n=1.9 n=1.5

peak 30[err] 20[ err] 2.4 or nore 33% or nore 100% 0% 1.952
49% 30% XFIG. 54 is a gr@ph sBOwing IEasurtine®®oof 21lyfdnanced7%

X 80% 20% 80.846 1.0% 99% @) X 70% 30%
120.29 0. e9btainggbwhen the mignte transparept baphs,12 gfistwoikdndg 0. 4%

0 0 0 0 0
294) ha&ing different %efragg{%e f%ééxeslggl}g aéh:%él. %%éé ©

emplbyed. In FIG. 54, curves 54a, 54b, 54c, 54d, 54e and S54f
are luminance curves respectiﬁely obtained when only the minute
transparent ball 12 having a refractive index n=1.5 was
employed, when the minute transparent balls 12 of two kinds
having different refractive indexes n=1.9 and n=1.5 were
employed with being mixed in a ratio of 2:8, when the minute
transparent balls 12 of two kinds having different refréctive
indexes n=1.9 and n=1.5 were employed with being mixed in a
ratio of 6:4, when the minute transparent balls 12 of two kinds
having different refractive indexes n=1.9 and'n=1.5 were
employed with being mixed in a ratio of 4:6, when the minpte
tfansparent balls 12 of two kinds having different refractive
indexes n=1.9 and n=1.5 were employed with being mixed in a
ratio of 8:2, and when only the minute transparent ball 12
having a refractive index n=1.9 was employed.

Table 11 shows a simulation result of a peak gain of
a screen, a gain obtained at a bend angle of 30° and shading
obtained at a bénd'angle of 20° obtained when the minute
transparent balls 12 of two kinds having the refractive indexes
of n=1.9 and n=1.5 were employed. In this case, when a value of

the peak gain is equal to or larger than 2.4, the result is
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40% 60% 238.63 0.2% 100% O

This Sh %B
278.08 0.1% 100% O X 20% 8 Reflact§bo
100% _ @) . X 10% 90% 356.98 0%’/’/[ }m : O
X 0% 100% 396. 42 0% 100% O .

Study of Table 11 reveals that the screen enploying the mnute transparent
balls 12 of two kinds having the refractive indexes of n=1.9 and n=1.5
could not satisfy the conditions of the pggpk gain of 2.4 or nore and the
gain obtained at the bend angle of 30[err] being equal to or |arger than
33% FIG 55 is a graph show ng neasurenent of |um nance

62 obt ai ned when the mnute transparent balls 12 of two kinds having

di f ferent r@iﬂaﬂtbuewhaﬁeéﬁ%)ﬁ Areie, Nadd WiEd &nS RIS s $Rafidi S5,
curves -55a, 55b, 55c, 55d, 55e and 55f gre Yuninance curveg r@%%géﬁively

obt ai ned whdrami2l.y ,t bhenrestiEt is avejlaaent Vith dZhowe.ngwhehel IvElde &F
i ndex n=1.7 was enployed, when the mnute transparent balls 12 of two
ki nds havithe gafimeobtainedrakta \henddegide of£136° diwd eguhl7tocoe largemyed
with being mxed jn aratio of 2:8, when the mnute transparent balls 12
of two ki ndhamk/dgodi LpEgRRr ¥ B rad3tver Langgehihegpealt gainy whe e
enpl oyed with ing mxed jn.a . ratio of 6:4, en the mnute transparent
balIs” 12 ofr?%@%il%dgvaﬁ%}#ﬁ‘é iR ér"eﬁPePeFilﬁﬁrgvé“}J;a@?Qs?H‘él‘.’%l%dl-%:l. 7
were enpl | i m | [ 4. t Lnute

ST 1T 3xp P o 3 SrRiatecy Y A SRR ¢

transpar ent avi ng eren ractive

Table 11

screen - gain shading gain 30° AT
arrangement
n=1.9 [n=1.5| peak | 30° 20° | 2.4 or more | 33% or more
1008 | 0% | 1.952 [49% | 30% X O

90% | 10% [41.399 [2.1%] o97% O X .
80z | 208 |[80.846 |1.08] 99 O X

70% | 30% |120.29 |0.6%| 993 O X

605 | 408 [159.74 |0.4%| 99 e X

50t | 508 |[199.19 |0.2% 100% O X l
a0s | 6o [238.63 [0.28| 100% O X ||
308 | 70% |278.08 [0.1%| 100% O X

208 | 8ot |317.53 |0.18| 100% O X “
105 | 90% |356.98 | oz | 100% O X |
0% | 100% {396.42 | 0% | 1008 O X “

Study of Table 11 reveals that tﬁé screen employing
the minute transparent balls 12 of two kinds havihg the
refractive indexes of n=1.9 and n=1.5 could not satisfy the
conditions of the peak gain of 2.4 or more and the gain obtained
at the bend angle of 30° being equal to or larger than 33%.

FIG. 55 is a graph showing measurement of luminance



I ndexes n=1.8 and n=1.7 were enployed with being mxed in a ratio of 8:2,
and when only the mnute transparent ball 12 having—a*refracffve—+ﬂde*
n=1.8 was enpl oyed. Table 12 shows a si mihatd,on qﬁ*g

peak gain of a screen, a gain obtainéd at a bend anglfﬂﬂ H ﬂigg

shadi-ng obtained at a bend angle of 20[err] obtained

transparent balls 12 of two kinds having the refractiv =1.8
and n=1.7 were enployed. In this case, wedn a value of the peak gain is
equal to or larger than 2.4, the result is evaluated with an open circle,
and when the value is smaller than 2.4, the result is evaluated with a
cross. Wien a value of the gain obtained at a bend angle of 30[err] is

equal to oobtaimsd whHdmihd Rifbté ahdfispdredt. baBYs or2 lof dsio Rindbe peak

gain, the 63 result is

eval uat ed havingmiidferentr cefraaniveiardaxes nalug amsd n#ﬁﬂﬂ eerehan 33% the
result is evaluated with a cross Tabl e 12

screen empleyed. In FIGhglbngourvegfisa, 55b' 55¢, Ffdy (55e aadr 8hfenent
=1. =1. 2 or _.nmore 33% or npre 100%

8%1 83h3é32re3€eﬁi(naq%) %rrr S res Oé;ftl\lely obtalg{ed wléﬁf%onlyb(&pe g.lggge 28‘%(:

52%

X 700 tEBREDagent pall, 12 maviBd rethiotite tiaex W7 W8T (o 4000
2-3873 21%np1oPdd? when the m@nut?1 transgpO O/re>§n: bgggs/o 12 g?/f/otwos kglggs 19%
0 0 0

@) having different refractive indexes n=1.8 and n=1.7 were
employed with being mixed in a ratio of 2:8, when the minute
transparent balls 12 of two kinds having different refractive
indexes n=1.8 and n=1.7 were employed with being mixed in a
ratio of 6:4, when the minute transparent balls 12 of two kinds
having different refractive indexes n=1.8 and n=1.7 were
employed with being mixed in a ratio of 4:6, when the minute
transparent balls 12 of two kinds having different refractive
indexes n=1.8 and n=1.7 were employed with being mixed in a
ratio of 8:2, and when only the minute transparent ball 12
having a refractive iﬁdex n=1.8 was employed.

| Table 12 shows a simulation result of a peak gain of

a screen, a gain obtained at a bend angle of 30° and shading |
obtained at a bend angle of 20° obtained when the minute
transpafent balls 12 of two kinds having the refractive indexes
of n=1.8 and n=1.7 were employed. In this case, when a value of
the peak gain is equal tb or larger than 2.4, the result is
evaluated with an open circle, and when the value is smaller
than 2.4, the result is evaluated.with a cross. When a value of
the gain obtained at a bend angle of 30° is equal to or larger

than 1/3 of larger, i.e., 33% or larger of the peak gain, the



30% 70% 5.655 16% . 66% O X 20% 80%

5. 982 15% 68% O X 10% 90% 6.310 14%
69% O X 0% 100% 6. 637 "l[lB%heetHZménnRe laced
O X Study of Table 12 reveal s t

enploying the mnute transparent balls 12 of two kind

refractive i ndexes of n=1.8 and n=1.7 could not satisfy t con |t|ons of

the peak gain of 2.4 or nore and the gai ®3bt ai ned at the bend angl e of
30[err] being equal to or larger than 33% FIG 56 is a graph
show ng neasurenent of |um nance  obtained when the m nute transparent
balls 12 of two kinds having different refractive indexes n=1.8 and n=1.6
were  emiteifd ishebhfuabba w1 em n 26Bc18pCandGtherDRBeatd186fis are
| um nance curves respectively obtained when only the mnute

64 t reamsldarethanaBBs 1 2thaviesnlx risf exalhaeed ndicbh m=tréswas enpl oyed,
when the mnute transparent balls 12 of two kinds having different
refractive indexes n=1 .8 and n=1.6 were enployed with being mxed in a
ratio of 2:8, when the mi nute transparent baIIs 12 of two ki nds having
different refractive |ndexes n=1.8 éﬁ&ﬂﬁLﬂ 6 mere enployed wi th being

mxed in a I nds
havi ng di f eresn:reeairac | ve gaisexes i = enpl 89&d wit
bei ng m xed anraageaend bf 4:6, when fhe minuje transpargnt balls 12 of two
ki'nds havi iig,-q! BT B4-817 [ epegk! '|VEo° -20° 2.4 or more | 33% or more

100% 0% 3.363 | 31% 48% O X

90% | 10% | 3.691 | 28% 52% O X

80% 20% 4.018 | 25% | 55% O X

70% 30% 4.354 | 23% 58% O X

60% | 40% | 4.673 | 21% | 61% O X “

508 | 50% | 5.000 |19% | 63% O X "

20% | 60% | 5.327 | 18% | 65% O X 1

30% 70% 5.655 | 16% 66% O X

20% | 803 | 5.982 |15% | 68% 0O X

10% 90% 6.310 | 14% 69% O X

0% 100% | 6.637 | 13% 70% O X

1

‘Study of Table 12 reveals that the screen employing

the minute transparent balls 12 of two kinds having the
refractive indexes of n=1.8 and n=1.7 could not satisfy the
conditions of the peak gain of 2.4 or more and the gain obtained
at the bend angle of 30° being equél to or larger than 33%.

FIG. 56 is a graph showing measurement of luminance
obtained when the minute transparent_balls 12 of two kinds
having different refractive indexes n=1.8 and n=1.6 were
employed. 1In FIG. 56, curves 56a, 56b, 56c, 56d, 56e and 56f

are luminance curves respectively obtained when only the minute



I ndexes n=1.8 and n=1.6 were enployed with being mxed in a ratio of 8:2,
and when only the mnute transparent ball 12 having a refractive index
n=1.8 was enpl oyed. Tabl e 13 shows a sinul ati dl’hnsrsaSetlHisBaénlae laced
peak gain of a screen, a gain obtained at a bend angle of

shadi-ng obtained at a bend angle of 20[err] obtained when m
transparent balls 12 of two kinds having the refractive i ndexes

and n=1.6 were enployed. In this case, whegg a val ue of the peak gainis
equal to or larger than 2.4, the result is eval uated with an open circle,
and when the value is snmaller than 2.4, the result is evaluated with a
cross. Wien a val ue of the gain obtained at a bend angle of 30[err] is

equal to or Iar f larger, e., 33%or |larger of the peak
gain, the & z}rgrgt E\#Fuégegaﬁﬂ% aarFe(;ﬁéﬁt&VFcPOéde’&rﬁfl\Mﬁeﬁaﬁhe val ue is

. Zgal I er tha@mﬁfo@eci h‘%ﬂ{e‘?\s %1% Hnﬁ% éa?n?_sd\?avr\:netnrtl. §e££05f2 of twog §P~Hds
20 "y, 4 haGihg difteront refradtifSihiiics Ao dnd i, PRy, *°

o) employéd %ithl ®¥ingomeR8d 112%:&11:1@6%{ 2:8, when @he mi te X
80% 20% 6.815 14%  75% 700 8858 8 541
10% 81% transparen®bballs 12 of ¥wo mms h4®3ng dﬂfféient &%fract&é&’o

o) X 50% 50% 11.993 6% ° 87%

40% 60% imdexes n=Lof and @5.6 were employed with bejng meed im0

15. 444 4% 90% X 20% 80% 17.170 3%

91% r@t:.o of 6:4, when the mmute transparent balls 12 of two kinds

having different refractive indexes n=1.8 and n=1.6 were
employed with being mixed in a ratio of 4:6, when the minute
transparent balls 12 of two kinds having different refractive
indexes n=1.8 and n=1.6 were employed with being mixed in a
ratio of 8:2, and when only the minute transparent ball i2
having a refractive index n=1.8 was employed.

Table 13 shows a simulation result of a peak gain of
a screen, a gain obté.ined at a bend angle of 30° and shading
obtained at a bend angle of 20° obtained when the minute
transparent balls 12 of two kinds having the refractive indexes
of n=1.8 and n=1.6 were employed. In this case, when a value of
the peak gain is équal to or larger than 2.4, the result is
evaluated with an open circle, and when the value is smaller
than 2.4, the result is evaluated with a cross. When a value of
the gain obtained at a bend angle of 30° is equal to or larger
‘than 1/3 of larger, i.e., 33% or larger of the peak gain, the
result is evaluated with an open circle, and when the value is

smaller than 33%, the result is evaluated with a cross



10% 90% 18. 896 3% 92% - O 0% 20.622
2% . 93% @] X Study of Table 13 - reveal s

that the screen enploying the minute transparent bal | s BmqumaQ&
having the refractive indexes of n=1.8 and n=1.6 could

condi-tions of the peak gain of 2.4 or nore and the gai n. ”mmt he
bend angle of 30[err] being equal to or |arger than 33% Fl G
57 is a graph show ng neasurenent of |umgpnce obtained when the mnute
transparent balls 12 of two kinds having different refractive indexes
n=1.8 and n=1.5 were enployed. In Fl Galble Xurves 57a, 57b, 57c, 57d, 57e

and 57f are lum nance curves respectively obtalned when only the m nut e
t ranspar ent

m nute tran
i ndexes n=1

parsateernl | s
arzadgemen®

12 @fainwo Kilrstmdingv]| ng @aﬁherenu refra@tlve
were enployqgd with being mxed ip a ratio of 2t 8,

when the m ° 6 r r ent
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wer e enpl oy 3263 i| Bk rat4&$ of [ 6: 4, @nen the minuke
transpar ent |f TTTq vy o erent ICIIaHLi ve—t+rdexes
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mnute tra 5 614197 |4 Kl nGggghaving diAferent refragtrve
i ndexes n=1 phere enpl oved with belng mXed inja ratio of 2,
and when onl to.3aipdreos paldigl2 |havigy a refjractivg inde
n=1.8 was el at
40% |10.267 | 8% 84% O X “
508 |11.993 | 6% 87% O X
60% 13.718 | 5% - 89% O X
30% | 70% |15.444 | 4% 90% O X “
20% 80% 17.170 3% 91% O X
“ 105 | o0% |18.896 | 3% 92% O X
“ 0% | 100% |20.622 [ 2% 93% O X ||

Study of Table 13 reveals that the screen employing
the minute transparent balls 12 of two kinds having the
refractive indexes of n=1.8 and n=l.6 could'not satisfy the
conditions of the peak gain of 2.4 or more and the gain obtained
at the bend angle of 30° béing equal to or larger than 33%.

FIG. 57 is a graph showing measurement of luminance
obtained when the minute transparent balls 12 of two kinds
having different refractive indexes n=1.8 and n=1.5 were
employed. In FIG. 57, curves 57a, 57b, 57c, 57d, 57e and 57f
are luminance curves respectively obtained when only fhe minute
transparent ball 12 having a refractive index n=1.5 was
employed, when the minute transparent balls 12 of two kinds

having different refractive indexes n=1.8 and n=1.5 were

employed with being mixed in a ratio of 2:8, when the minute



Tabl e 14 shows a sinulation result of a peak gain of _a screen,_a gain
obt ai ned at a bend angle of 30[err] and shading obtai ned at a bend angl e
of 20[err] obtained when the mnute transparent balls ¥ eeklete sced
having the refractive indexes of n=1.8 and n=1.5 were e lhls
case, when a value of the peak gain is equal to or larg

result is evaluated with an open circle, and when the value |s srra

than 2.4, the result is evaluated with aggross. Wen a value of the gal n
obtained at a bend angle of 30[err] is equal to or larger than 1/3 of

larger, i.e., 33%or larger of the peak gain, the result is eval uat ed W th
an open circle, and when the value is smaller than 33% the result
eval uated with a cross | e

screen tranq?(gr@nt ballg 42 ,fgf. two k@&ﬂﬁ having dlff%ent Eﬁﬁﬁﬁﬁ%t

8%1 83n3é315 AxEt “'?rsg[ h8l n=1.8%ere SmPE°Y98 elth %e“’g’ggﬁ)l%fgo 0%, 6%80%2%
96% .4 :
80%  20% ratg:llo o_}fSQ. 9 whe8810-_)§e minute tragsparent balls 12 o; o wo lé;bxaos

121. 28 1P(av1n@Qf43fferent refﬁctlve indexes$ n=158%nd 4{3:%) 5 ¥88e59 0%

99% 50% 50% 199. 89 0% 100% @)
X 40% exﬁ@%yec?&ﬁ.ﬂﬂbelﬁ@'o nixdd®n a ratioCGf 4:6, when th¥ minG6& 70%
278.50 0% 100% @] X 20% 80% 317.81 0%
100% traggparent balls k2 of two ki;xds having different refractive

indexes n=1.8 and n=1.5 were employed with being mixed in a
ratio of 8:2, and when only the minute transparent ball 12
having a refractive index n=1.8 was employed.
Table 14 shows a simulation result of a peak gain of

a screen, a gain obtained at a bend anglé of 30° and shading:

~obtained at a bend angle of 20° obtained when the minute
transparent balls 12 of two kinds having the refractive indexes
of n=1.8 and n=1.5 were employed. In this case, when a valué of
the peak gain is equal to or larger than 2.4, the result is

- evaluated with an open circle, and when the value is smaller
than 2.4, the result is evaluated with a cross. When a value of
the gain obtained at a bend angle of 30° is equal to or larger
than 1/3 of larger, i.e., 33% or larger of the peak gain, the
result is evaluated with an open circle, and when the value is

smaller than 33%, the result is evaluated with a cross

Table 14
screen gain  |shading gain 30°
arrangement
n=1.8 {n=1.5| peak | 30° 20° 2.4 or more | 33% or more
1008 | 0% | 3.363 |31% | 48% O % |
90% 10% }42.669 | 2% 96% O P4 “




10%
0%

90%
100%

that the screen enploylng

havi ng t he

357.12 0%
O

100%

X

O

X— 0% _100%

396. 42

St udy of Tabl e 14 revears

the m nute transparent balls

refractive i ndexes of n=1.8 and n=1.5 could n
condi-ti ons of the peak gain of 2.4 or

nDre and the gain o

HasBedtl Rifigced

AT

bend angle of 30[err] being equal to or rger than 33%

58 is a graph show ng measurenent of Iun1 ance obtained when the mnute
transparent balls 12 of two kinds having different refractive indexes
n=1.7 and n=1.6 were enployed. In FIG 58, curves 58a, 58b, 58c, 58d, 58e

.and 58f are |lum nance curves respectively obtained when only the nmnute’

transparentﬂb 2 Vi hgy ¢ firqel I[Ve Jex[N=1I. b Was Mproyey, WheTj t he
m nute tran ngEnt gg%ls §5a%?§ mggklnds_ avlng dir¥ferent] refractive
i ndexes n=1}776rd n=30% |vepe.2@1pheydd vegsh being ed i a ratyo of 8,
when t he m fte—t aRspat Ms 12 of two kinds havi ng di ff.PI’ Pnt.
refractive s 4031 71606591108 %eré%npl byed @t h bei ng i X)QE in
rati o of 6: t e tHifatsparent—oarts 3o F—wekRas RavA
different r JEELLWE § $2q. Ptarld A09%6 Nere _
68 enpl i N d - W Wem (e mngte
t ranspar ent 55(%? 9_361 ?ﬁcs O%aw nﬁbgl ffer ent Qef ractli ve dexes
n=1.7 and n3j1.39%we} e7¢x1p gygdsmntm%belngoagxej in qp ratidq of 8:¢, an en
only the m 12 aving refrative jlndex n=1.7
enpl oyed. 80% |317.81 ] 0% 100% O X Wa]

' 90% |357.12 | 0% 100% O X

100% | 396.42 | 0% 100% O X

Study of Table 14 reveals that the screen employing

. the minute transparent balls 12 of two kinds having the
refractive indexes of n=1.8.and n=1.5 could not satisfy the
conditions of the peak gain of 2.4 or more and the gain obtained
at the bend angle of 30° being equal to or larger thap 33%.
_ FIG. 58 is a graph showing measurement of luminance
obtained when the minute transparent balls 12 of two kinds
having different refractive indexes n=1.7 and n=1.6 were
employed:: - In FIG. 58, curves 58a, 58b, 58c, 584, 58e and 58f
are luminance curves respectively obtained when only the minute
transparent ball 12 having a refractive index n=1.5 was
employed, when the minute'transparent balls 12 of two kinds
having different refractive indexes n=1.7 and n=1.6 were
employed with being mixed in a ratio of 2:8, when the minute
transparent balls 12 of two kinds having different refractive
indexes n=1.7 and n=1.6 were employed with being mixed in a
ratio of 6:4, when the miﬁute transparent balls 12 of two kinds

haVing different refractive indexes n=1.7 and n=1.6 were



Tabl e 15 shows a sinulation result of a peak gain of _a screen, a gain
obt ai ned at a bend angle of 30[err] and shading obtained at a bend an

of 20[err] obtained when the. mnute transparent balls
having the refractive indexes of n=1.7 and n=1.6 were.
case, when a value of the peak gain is equal to or | ar

result is evaluated with an open circle, and when the value is srraller
than 2.4, the result is evaluated with a @Ooss. Wen a value of the gain
obtained at a bend angle of 30[err] is equal to or larger than 1/3 of

| arger, i.e., 33%or |larger of the peak gain, the result is evaluated with
an open circle, and when the value is snaller than 33% the result is

eval uat ed gidiRACH3EA being mixed in a ratio of 4:6, whenl@Beemibute

screen gain shadi ng - gain 30[err] ar r angenent

n=1.7 n=l.#randpdlent BA1ls 12 MY Q:Md kind2. Havingudief ferddd aefraceive 100%

0% 6.637 13% 70% X 90% 10% 8.035

10% 76%ndexes n=107 and n=1.6 wer)e empleged wm%belglga,mxedgw a 80%

O X 70% 30% 10.832 7% 83%

X 609 ratgip,of Bz 223gnd w¥hen on]gﬁ%he minutefransparent balg( 12 50%

50% 13.629 5% X ‘

69 ABA¥ing gy "’Haﬁ‘z'é"e&/}}‘dex ébo} -7 was emp1°Yed’o X 30%

70% 16.426 4% 9 LY 8% ddiBdr 3%
1 %

91% o Hble 15 shows g simglation Fesnle a Bidk ddi 0

X 0% 4098 edf); G2Yain?Yptaifdbat a bend aflgle of 30° and shading
| obtained at a bend angle of 20° obtained when the ﬁlinute

transparent balls 12 of two kinds having the refractive indexes
of n=1.7 and n=1.6 were employed. In this case, when a value of
the peak gain is equal to or larger than 2.4, the result is
evaluated with an open circle, and when the value is smaller
than 2.4, the result is evaluated with a cross. When a value of
the gain obtained at a bend angle of 30° is equal to or larger
than 1/3 of larger, i.e., 33% or larger of the peak gain, the
result is evaluated with an open circle, and when the value is

smaller than 33%, the result is evaluated with a cross

Table 15
screen ~ gain shading gain 30° “

arrangement

n=1.7 |{n=1.6 | peak | 30° 20° 2.4 or more | 33% or more
100% | 0% | 6.637 | 13% 70% O X

90 | 10% | 8.035 [10% | 76% e X
“ 80% | 20% | 9.434 | 83 80% O X
“ 70% | 30% [10.832| 7% | 83% O X
“ 60% | 40% |12.231| 6% 86% O X
“ 50% | 50% [13.629 | 5% 88% e X 4\




Study of Table 15 reveals that the screen enploying the n1nute tran &g@t
balls 12 of two kinds having the refractive indexes of IhiiSi®
coul d not satisfy the conditions of the peak gain of 2. 4 m@‘ﬁ\
gain obtained at the bend angle of 30[err] being equal:

33% . FIG 59 is a graph show ng neasurenent of um nance
obt ai ned when the minute transparent balls 12 of two kinds .- having
different refractive indexes n=1.7 and n=173 were enployed. In FIG 59,
curves 59a,” 59b, 59c, 59d, 59e and 59f are |um nance curves respectively

obt ai ned when only the minute transparent ball 12 having a refractive
I ndex n=1.5 was enployed when the mnute transparent balls 12 of two

ki nds havi g Tt I 7 apg n=1.p Were_ enptoyed
wi th being m1§§% itn Qé 1§g'q?P é% &h ﬁS?h m nut trang paren?<balls 12
of two kindp Hewi rg—,ggffe]_rder;tzsr =f4§-).C5|I Veog! Ndexes ayl. 7 ahd n=1,0 were
enployed wilh beidg nmixdd in a Jratig of 6:4 | whenfThe nipute tianspardnt
bal I's 12 of |t 20% kiln#es Havisepsd| f s%r ¢nt onaf r ctive@ndexe> n=1. %k and n}1.5
were enpl ojed m:th bet+Rg—ricetH+r—atatto—eH4—6—rmhen—the—m-hute

t ranspar ent s3ﬁa\|nQ2&|ff rent(Befrac1|ve Dﬁdexes“

n=1.7 and n T T X T ratiflo of
8:2, and wh aggpcre%P 12 a refractive

i ndex n=1.7 yea. rapre SAOWS a sinulation result of
a peak gain of a screen, a gain obtained at a bend angle of 30[err] and

shadi ng Study of Table 15 reveals that the screen employing
the minute transparent balls 12 of two kinds having the
. refractive indexes of n=1.7 and n=1.6 could not satisfy the
conditions of the peak gain of 2.4 or more and the gain obtained
at the bend angle of 30° being equal to or larger than 33%.
FIG. 59 is a graph showing measurement of luminance
obtained when the minute transparent balls 12 of two kinds
having different refractive indexes n=1.7 and n=1.5 were
employed. In FIG. 59, curves 59a, 59b, 59c, 59d, 59e and 59f
are luminance curves respectively obtained when only the minute
transparent ball 12 having a refractive index n=1.5 was
employed, when the minute transparent balls 12 of two kinds
having-different refractive indexes n=1.7-and n=1.5 were
employed with being mixed in a ratio of 2:8, when the minute
transparent balls 12 of two kinds having different refractive
indexes n=1.7 and n=1.5 were employed with being mixed in a
ratio of 6:4, when the minute transparent balls 12 of two kinds
having different refractive indexes n=1.7 and n=1.5 were
employed with being mixed in a ratio of 4:6, when the minute
transparent balls 12 of two kinds having different refractive

indexes n=1.7 and n=1.5 were employed with being mixed in a



obt ai ned at bend—&ﬁgi—E’Gf 20[ err] obtained when the mnute transparent
bal I.s 12 0f tw tvvo kln laMdi ng the refractive indexes of n=1.7 and n=1.5

were e ase when a val ue of the peak gal nis equal to or
| arger th uIt is evaluated with an open circle, and when the
value is 4 .4, the result is evaluated with a cross. Wen a

val ue of the gal n obt ai ned at a bend angle of 30[err] is equal to or

| arger than 1/3 of larger, i.e., 33%or rger of the peak gain, the
result is evaluated with an open circle, and when the value is smaller
than 33% the result is evaluated with a cross

Tabl e 16 screen gai n shadi ng gain . 30[ err]
arr angement

or nore TBG‘%O% %/i] a’65“36 ee%kfﬁl/yoéh%d%}nute Q:Lfansl’a’éfng gAY ﬁore 3SOO/%/O
10%  45. 6ﬂ§v1atf)a re&QaQ:lelve 1ndex%=l.7 %%z exné)d. od 80% 20% 84_ 594

1% 98% 123.57 0% 99%

O X oiK1e ‘Rcy%ho?v@za %.mul%'é’lon r@gfﬁt of a pé&k gaJ.n of

X 50% 50% 201.53 0% 40%

60% 240. Alsciéen, é.O@&im obta:.ned a@ a bend ang le)(of 380%nd 7é}9éd1r2_;79 49
0% 100% X 20% 80% 318. 47 0% 100%

@) obtajined at a bend angle of 20° obtained when thg&iminute 10% 90%
357.44 0% 100% X 0% 100% 396, 42 0%

100% tragsparent ba115>42 of two kindsgihaying theprefiactivendaxest the

screen enpl %y n29.7 and n=1.5 were employed. In this case, when a value of
the peak gain is equal to or larger than 2.4, the result is
evaluated with an open circle, and when the vé.lue is smaller
than 2.4, the result is evaluated with a cross. When a value of
the gain obtained at a bend angle of 30° is equal to or larger
than 1/3 of larger, i.e., 33% or larger of the peak gain, the
result is evaluated with an open circle, and when the value is

smaller than 33%, the result is evaluated with a cross

Table 16
. screen gain shading gain 30° “
arrangement :
n=1.7 |n=1.5| peak | 30° 20° 2.4 or more | 33% or more
100% 0% 6.637 | 13% 70% O X
90% 10% }45.615 | 2% 96% O X
- 80% 20% |84.594 | 1% 98% O X
70% 30% [123.57 | 0% 99% O X
60% 40% |162.55 | 0% 99% O X “
50% 50% ]201.53 | 0% 100% O X
40% 60% | 240.51 | 0% 100% O X ‘
30% 70% | 279.49 | 0% 100% | O X
u 20% | 80% |318.47 | 0% | 100% O X {




the mnute transparent balls 12 of two kinds having the refractive indexes
of n=1.7 and n=1.5 could not satisfy the conditions—of—the peak gain of
2.4 or more and the gain obtained at the bend angl e pf sRO{10E BienBeplared equal
to or larger than 33% FIG 60 is a graph s ment of
| um-nance obtained when the mnute transparent balls ﬂm\ﬂm tﬂﬂlﬁs
having different refractive indexes n=1.6 and n=1.5 we ‘ yed. In FIG
60, curves 60a, 60b, 60c, 60d, 60e and 6pf are |lum nance curves _
respectively obtained when only the m nute transparent ball 12 having a
refractive index n=1.5 was enployed, when the mnute transparent balls 12
of two kinds having dlfferent refractive indexes n=1.6 and n=1.5 were

enpl oyed wrth—beih g .r.qw —A—aFart ent

bal s 12 of 1% Hi a'i/'-'?M4d f9’br$nt19@fr;lct|ve0| ndexg¢s n=1>6 and “=1.5
Wt Ie & when {he mnute
g’él | 9 H‘S&%f g‘%%xﬁ%—u hd ﬂavﬁ?{i_g dil_[fere@ r ef rﬁct i ve’?ndexe§
n=1.6 and Nn=1I.5 were enployed W €lng mxed Ih aratlo o "0, en the

‘mnute transparent balls 12 of two kinds having different refractive

i ndexes n=1.6 and n=Studywf Talyleo}6drevédlddhag theescreen emplioydngf 8: 2,
and when only the mnute transparent ball 12 having a reéfractive index

n=1.6 was thepmipate transparent bedise 1270fhtwe @-fsimﬂﬂaéltmGnthesult of a
peak gain of a screen, a

gai n obt al‘?f%%Faé’ttlé’eoéﬂge’.ftﬁﬁl‘éf&“lSd[ é‘infi] nghed %%@0%513&%58 the a bend
ﬁgg: ﬁ gOI heCq 'ttic{}}%s g\f:mﬁggigéa gnau:iafne of 5?238% rn%‘xt'e %anld 3 zlazgg];.nto taJJ.nnec‘.!iS

at the bend angle of 30° being equal to or larger than 33%.

FIG. 60 is a graph showing measurement of luminance
obtained when the minute transparent balls 12 of two kinds .
having different refractive indexes n=1.6 and n=1.5 were
employed. In FIG. 60, curves 60a, 60b, 60c, 604, 60e and 60f
are luminance curves respectively obtained when only the minute
transparent ball 12 having a refractive index n=1.5 was.
employed, when the minute transparent balls 12 of two kinds
having different refractlve 1ndexes n=1.6 and n=1.5 were
employed with being mixed in a ratio of 2:8, when the minute
transparent balls 12 of two kinds having different refractive
indexes ﬁéifﬁ and n=1.5 were employed with being mixed in a
ratio of 6:4, when the minute transparent balls 12 of two kinds
having different refractive indexes n=1.6 and n¥1.5 were
employéd with being mixed in a ratio of 4:6, when thée minute
transparent balls 12 of two kinds having different refractive
indexes n=1.6 and n=1.5 were employed with being mixed in a
ratio of 8:2, and when only the minute transparent ball 12
having a refractive index n=1.6 was employed.

Table 17 shows a simulation result of a peak gain of



of n=1.6 and n=1.5 were enployed. In this case, when a value of the peak
gain is equal to or Iarger than 2.4, the result is evaluated with an open

circle, and vmmrsmhél edsmal ler than 2.4, the result is eval uated

with a cross. the gain obtained at a bend angle of 30[err]

I's equal to or /3 of larger, i.e., 33%or l|larger of the peak
u

gain, the res |s eval uated with an ozgn circle, and when the value is
smal | er than 33% the result is evaluated™wi th a cross

Table 17 screen. gain . shadi ng gain 30[err]
ar r angenent n=1.6 n=1.5 peak 30[err] 20[err] 2.4 or nore
33% or nore 100% 0% 20.622 2% 93% O X

90% 10%2 s¥¥eed2 a g&din ob¥ygimed at a beml angle of 30X and8Radinyp%

95. 782 0% ., 99% O _ X 70% 30% 133.36 0%
99% obtgined at a bend angle of 20° obtained when the minute X 60%

40% 170.94 0% 990 50% = 50% 208.52
0%  100sransparentopalls 12 of ?¥° klnﬂé@PavkﬁﬂéthEQEGfiectlYB@1ndemﬁ¥%

200% 80% of 3;;2%_.56@88,%1.3 %5% e%x%l%%ed.oty n th]ioso%asex whenla)(%allgb%f
358.84 Qe pgh@co%ain is ec;(uﬁ to or largef t hadn Wq, #g{%aél?é f2 0%

100% _ of T revéal s that
the screerewalplai¥d@ith an open circle, and when the value is smal¥er the

m nute transparent balls 12 of two kinds having the
than 2.4, the result is evaluated with a cross. When a value of
the gain obtained at a bend angle of 30° is equal to or 1arger
than 1/3 of larger, i.e., 33% or larger of the peak gain, the

result is evaluated with an open circle, and when the value is

smaller than 33%, .the result is evaluated with a cross

Table 17
screen gain shading gain 30° W]
arrangement -
n=1l.6 {n=1.5| peak | 30° 20° 2.4 or more | 33% or more “
100% | 0% |20.622 | 2% 93% X “
90% | 10% |58.202 | 1% 98%
80% | 20% |95.782 | 0% 99%
70% | 30% |133.36 | 0% 99%
60% | 40% |[170.94 | 0% 99%

“ 503 | 50% |208.52 | 0% 100%
“ 40% | 60% |246.10 | o2 100%

30%. 70% | 283.68 | 0% 100%

20% 80% 321.26 | 0% 100%

10% | 90% |358.84 | 0% 100%

X|x[x|x|x|[x|{x|[x]|x]X

0% 100% | 396.42 | 0% 100%

ololololololololololo

Study of Table 17 reveals that the screen employing



refracti veindexes—ef—n=1.6_and n=1.5 could not satisfy the conditions of
t he. peak gqh Sawt& Eﬁ nnre and the gain obtained at the bend angle of 30

bei ng equal 9%én 33% The results shown in FIGS. 41
to 60 and T W,ﬂ are sumari zed in Tabl e 18.
Tabl-e 18

I 0 of bal | having refractive index to the

whol e refrac- 1.8 1.7 1.6 1.5 tive

i ndex 2.1 56 toy4 X X X 1.9
X X 32 to 82 10 to 18 3to 4 X 1.8 16 to 44 18 to 68
X X X X 1.7 X 82 to 90 X X

X. 96 to 97

Tabl e 18 I K{ nute

t ranspar enﬁgﬁ}rﬁ%g\?%#gb?ﬁg%e % Y!rv}g%ftngggeiscﬁg sqga%ﬂf tg\]e 1.8, 1.9
and 2.1 vwegeraptiwalddexesxed A9 [OTdRd tdgﬂ.Scééﬁildaﬁ@t'éHElW%h@f the
screen was neasured. Table 18 shows ratios (% of the m nute transparent
bal s to bendixiohd @f tthe pkakegainwe 2 daexpaoeat aidltise igaithebtained

combi nations of the mnute transparent balls of two kinds which satisfy
the condati the ke¢nd langdeakfydPn being eaualrtocorntiarger gehan @3kai ned at
the bend angle of 30 being equal to or larger than 33% St udy
of Table 18 reveal s HiSafeRHLES tSRPR s FIL5r hl to 60 and Tables 1 to

74 17 are summarized in Table 18.

Table 18
| ratio of ball having refractive index to the
whole

refrac- 2.1 1.9 1.8 1.7 1.6 1.5
tive

index

2.1 X X 56 to 84 X X X
1.9 X X 32 t0 82|10 to 18] 3 to 4| X
1.8 16 to 44] 18 to 68 % X % X
1.7 X 82 to 90 b4 X X X
1.6 X 96-to 97 X X X X
1.5 | x X X X X xJ

R i

,f:Téble 18 shows the results obtained when two kinds of
the minute transparent balls having the refractive indexes of
1.5, 1.6, 1.7, 1.8, 1.9 and 2.1 were optionally mixed to form
the screen and luminance of the screen was measured, Table 18
shows ratios (%) of the minute transparent balls to be mixed to
the whole minute transparent balls in the combinations of the
minute transparent balls of two kinds which satisfy the
conditions of the peak gain of 2.4 or more and the gain obtained

at the bend angle of 30° being equal to or larger than 33%.

Study of Table 18 reveals that when two kinds of the



m nute transparent—balls having the refractive indexes of 1.5, 1.6, 1.7,
1.9 and 2. ver e optionally mxed in a predetermned ratio to form

2.1
Replaced o having an excellent gain obtained at the bend angle
achi eved. The present invention is not

1.8,

t hdh
of. 3ﬁ t

| t-m § 3 nbi nati ons of two kinds of the mnute transparent balls

having different refractive indexes. According to the present invention,
even if three kinds of the mnute transpagent balls having different
refractive indexes are mxed, it is possible to realize the excellent

pl ano |l ens and the excellent rear- projection type projector screen.

FIG 61 is a graph show ng neasurenment of |um nance obtained when the

m nute transparent balls 12 of 3 kinds having different refractive indexes
n=1.7, n=Riguieitranspazent balls havdng the refractive Epdexey o k+fes 61a,

61b, 61c, 61d, .and 61 e | ynmd nance curves r.espectively obtai ned when
the m nut eljsd't rlaﬂspgrgn?{ b%lqré&]%qoyegek?ﬁ%orha&aygguaﬁeﬁ éﬁeﬁt refractive

i ndexes n= =1 . n =1. I i i ' : aratio
of (50 7. BregesTined Cabid, vo Wi SR BUPlet WhedSetdel KEPiNG an °

di fferent éfﬁéﬁ!&ﬂﬁ“@a&ﬂd6E€§iﬂ§ﬁ~é% ﬂhélbﬁnénQnQEéndk 3oreeanepel oyed with

being mxed in a ratio of 30:30:40, when the m nute transparent balls 12
of two Ki ngeshiwadng di fferent refractive indexes n=1.9, n=1.8 and n=1.7
were enployed with being mxed in a ratio of 60:35:5, when the mnute

t ranspar ent bal | s Theopresentiimyenkionngs did¥ ddgvitederpatheve i ndexes
n=1.9, combinatioﬁE‘Gf‘f%oJgzghs of the minute transparent balls having
different refractive indexes. According to the present
invention, even if three kinds of the minute.transparent balls
having different refractive indexes are mixed, it is possible to
realize the excellent plano lens and the excellent rear-
projection type_prdjector screen.

FIG. 61 is a graph showing measurement of luminance
obtained when the minute transparent balls 12 of two kinds
having different refractive indexes n=1.7, n=1.8 and n=1.9 were
employed.

In FIG. 61, curves 6la, 61b, 6lc, 61d, and 6le are
luminance curQes respectively obtained when the minute
transpaféﬁ% balls 12 of two kinds having different refractive
indexes n=1.9, n=1.8 and n=1.7 were employed with being mixed in
a ratio of 20:75:5, when the minute transparent balls 12 of two
kinds having different refractive indexes n=1.9, n=1.8 and n=1.7
were employed with being mixed in a'ratio of 30:30:40, when the
minute transparent balls 12 of two kinds having different
refractive ihdexes n=1.9, n=1.8 and n=1.7 were employed with

being mixed in a ratio of 60:35:5, when the minute transparent

balls 12 of two kinds having different refractive indexes n=1.9,



n=18_and n=1.7 were enployed with being mxed in a ratio of 70:20:10, and
mhen the n1nure~tFansparent balls 12 of 3 kinds having different

ref rid mﬂg S 9, n=1.8 and n=1.7 were enployed with being mxed in
a rat ac Tabl e 19 shows a sinulation result of a peak
galn gain obtained at a bend angle of 30[err] and shadi ng
obtalne angl e of 20[err] obtained when the m nute transparent

balls 12 of 3 kinds having the refractiveqindexes of n=1.9, n=1.8 and n=1.7
were enployed. In this case, when a value of the peak gain is equal to or

| arger than. 2.4, the result is evaluated with an open circle, and when the
value is smaller than 2.4, the result is evaluated with a cross When a

‘val ue of th obtained at a end angl & of, 30[ er . S equ to or |arger
Uhan 13 Ot B aBa nrE T ok B loUPack bR thipatie,if SHRt SR | o

‘eval uated /. .35 OBGR ! he AflutB°RrAhSYAHE Had 187RY! i w@gf%@ the

result is evaluat&d W
screen having dlffgféﬁk refréﬂﬁ%*bnﬁndgﬁéﬁ m— 130 =1l.8 and AE1 apgRIENt

n=l.9 n=1.8 n=1.7 peak 30[err] 20[ err] 7.4 or 33% or

nore  nDleployed V¥h beflg mixelth in2a2bdtio 430090:535% X O _
70% 20% 10% 2.703 36% 44% O O 60% 35% 5%
2. 6804 37% 44% Table 190shows @ simulat3iom resodt OﬂOS/opeadk i oF2%
59% 20% _ 75% 5% 3.2448 ' 32% 48%

X a scressludy 891¢amniaawdr @¥ed| bepfaangln aic30enadhpfhading

the m nute_tran lo,nd the, .refractive indexes
of ne1 o, GRERAETh Bona i e 20y "o dRed ek shsSBRER Ly car ) sty
t he condi ty fgﬁg r bt Al at
t he bend ailhg eﬂ%’f‘:e OPE??% ’b‘g?‘% 15é';qouaﬁlltd% ggv{ﬁ?ger t‘%’ r%%&@ﬁ iﬁl&&?&
Wi le in tde phiowe qahod Qﬁcﬂtﬁ-i e vl an Pl&?eﬂnd% i E%s@‘ "hén a
transparent balls 12 i's changed to anend anount of the |ght
transm tt edhlde @fghhehpehkngaif i¥ ddual to or larger than 2.4, the
result is evaluated with an open circle, and when the value is
smaller than 2.4, the result is evaluated with a cross. When a
value of the gain obtained at a bend angle of 30° is equal to or
larger than 1/3 of larger, i.e., 33% or larger of the peak gain,

the result is evaluated with an open circle, and when the value

is smaller than 33%, the result is evaluated with a.Cross

: Table 19
“ screen N gain shading | gain 30°

arrangement

n=1.9 | n=1.8 {n=1.7 | peak | 30° 20° 2.4 or |33% or
more more

90% 5% 5% 2.2571 | 43% 37%

70% 20% 10% 2.703 | 36% 44%

60% 35% 5% |2.6804 | 37% 44%

30% 30% 40% |4.2494 | 22%. 59%

20% 75% 5% 3.2448 | 32% 48%
=l

Ol|O|0O|0O] %
x{x|O|0O|0O

Study of Table 19 reveals that the screen employing



" screen 10S, abseorbance or spectral absorbance of at |east one or nore of
Cthe tr transparent ba e nenber 11 or 41 and the base nmenber 31 is gradually

OﬁhﬁB Si mul taneously with the above arrangenent, or instead
genent, absor bance or spectral absorbance of at | east
'one transparent layers 15, 25, 26 or the like is gradually or

-ste se- changed thereby the em ssion |ight being made substantially even
or being positively distributed in a desi&ed distribution pattern.

In the rear-projection type video di splay apparatus enpl oyin the screen
according to the present invention, the proj ected picture can be
continuously or intermttently enlarged or reduced by providing a zoom ng
mechani smghB wfuedttkdisparent! BALPE 1N ikdBOKPhAS SRaPing' e 1 O by
changi ng a di stance bet'ween the screen and the video projector unit 1.
Wil e i n tre€racthvecindextd ofchedn9 prptinys @dt hell 2nincalwaticws t he

opti cal system and the di stance between the screen and the video

proj ect or 23AbE 68reosk: 203 79 Gonédaa@tsﬁﬁﬁe;h@eﬁpnéatb9na.Qﬁﬁﬂngwpeakecause of
noi re; when .t he arrangenent according o the present

77 i nBaD 8f 2<% HpIMaKey andnEhg gaEHORLAIER 8k thephrad) aglenef dense

arrangene tran arent bal |.s,,and hence the resolution is
| mproved, n,ttoh F:vgwgsﬁgﬁa%% al?(fe ﬁg Ee?lnébnr R zed. In the
rear-projection typempsdeqndigal é‘ﬂo@@ en€OPLAY x.tatl?tl%%r §hilex
according to the present invention, the center | um nance on the

vi deo pr oj¢¥CithenNmghd€e Of rddstren?s baii]@ PZrRehangeal tbOamdft [dHex] or

hi gher. In this case, the
amount of the light tramsmitted through the lens 10 or the
screen 10S, absorbance or spectral absorbance of at least one or
more of the transparent base member 11 or 41 and the base member

| 31 is gradually or stepwise changed. Simultaneously with the

above arrangement, or instead of the above arrangement,
absorbance or spectral absorbance of at least one layer of the
transparent layers 15, 25, 26 or the like is gradually or
stepwise changed, thereby the emission light being made
substantially even or being positively distributed in a desired
distribution pattern.

In the rear—projecﬁion type video display apparatus
employing the screen according to the present invention, the
projécted picture can be continuously or intermittently enlarged
or reduced by providing a zooming mechanism in the optical
system of the video projector unit 1 or by changing a distance
between the screen and the video projector unit 1. While in the
conventional screen employing the lenticular lens the optical
system and the distance between the screen and the video
projector unit are set in a constant state defined by a design

because of moire, when the arrangement according to the present



cenLeL_LLngiggggg_Egggges 200 (cd/m or larger which is sufficient in
practical use. As aT a center angle of a conic region where a

| umi nBH egfhﬁﬁaﬁgglﬁgp center illum nance can be obtained at the viewer

si de- |i A method of manufacturing the screen,

I.e. accordlng to the present invention wll be descri bed.
en the arran showmn in FIG 9 is enployed as a basic arrangenent

and the plane lens or the screen is fornﬁ e., coated by using the
basi ¢ arrangenent, the col ored | ayer aV|ng t he adhesi on or cohesion
which allows the mnute transparent balls to be fixed thereon is deposited
on the simlar sheet-like or rigid base nenber The m nute transparent
MmWMSzﬂedmwm HI ecdme% t here

nmi nut e- t r aHSER 8?“9 8¥ﬁ ' fiSdfesen entlo’?/\ﬁesn%fftg e?Paﬁ‘é%rrent
shown in Fy&q %Oax‘zsaéfg@iﬂe‘ﬁ\éegf 3he ﬁéﬁﬁ% %r%h%ﬁtﬁﬁéﬂﬁrﬁaﬂ’};d atnﬁehBhé‘Qetllxé ”5 or

t he screen IS ., Ccoate Yy usi ng asi c arrangenent,

t ranspar enfesol @¥in iz AaprBded(hafddby suehhasrangahent b’éﬂn@v\@eah_ez@anut e

transparent balls to be fixed thereof i's deposited, i.e., coated on the
simlar base nenber 1Ih @hd tder-quiojeetilonyeypbavidep display apparatus
78 adhesi on or cohesion which allows the mnute transparent balls to
be fixed teupkoning thepssreen apconding rhia é;mebnsesmhbtnvenni@n.nwmne

transparent_ el enents are densely filled on the col ored ‘3¥ thereb% t he
M nut e- t r abBPFRRELY Aldunigange; oRnehe video projeceken gidg of ldght %arcan

be formed QKeuééP flfgﬂégie%o 500 [lux] or higher. 1In this case, the

center illuminance becomes 200 [cd/m] or larger which is
sufficient in practical use. As a result, a center angle of a
conic region where a luminance of 50% of the center illuminance
can be obtained at the viewer side is 45 or greater.
A method of manufacturing the screen, i.e., the plano
.lens according to tlhe present invention will be described. When
the arrangement shown in FIG. 9 is employed as a basic
arrangement and the plane lens or the screen is formed, i.e.,
coated by using the basic arrangement,the colored layer 13
having the adhesion or céhesion which allows the minute
transparent balls to be fixed thereon is deposited on the
similar sheet-like or rigid base member. The minute transparent
elements are densely filled'on the colored layer, thereby the
minute-transparent-layer being formed.
When the arrangement shown in FIG. 10 is employed as
a basic arrangement and the plane lens or the screen is formed,
i.e., coated by using the basic arrangement, the transparent
layer 15 having adhesion or cohesion which allows thelminute'
transparent balls to be fixed thereof is deposited, i.e., coated

on the similar base member 11 and the colored layer having



coating material colored with a desired color as the coating materi al
Fbmever |n the coatin the colorless or white coating material having

adhesi laced ysed and then colored after bei ng coated. .
The pro l J g the mnute transparent balls 12 in the
m nut e- di sposing | ayers 14 can be carried out by burying

type mnute transparent balls 12 in the colored |ayer 13 having the
adhesion or the cohesion or the coloredghayer 13 and the transparent |ayer
15 by a desired depth so that the mnute transparent balls 12 should be in
contact wth or close to each other in a single grain |ayer.

When the mnute transparent ball disposing | ayer 14 is forned, an

d hod f th
ool Bt L SoREgRR L L 38 e A R RO oL
d I
nozzle fofo Sl i?ﬁ%*%?%“ﬁ%?é’&’t?‘%%&??gﬁf% [T PR, D e SHRP

the m nut epi hees PeFaEpaienkt dieRestshic iRhselyPt EPPEE bratthet E@loﬁécﬁ'Ut e
transparent balls 12 of an anmount which is nore than those finally

di sposed i hayée, nthexebyt thes pineté-tbeddspdirentsilager | yiig fbrawa.supplied to
the colored |l ayer 13 having the cohesion, the transparent |ayer 15 having
t he cohesion and t heThe colored layer 13 can be formed by using gocolored

t ransparent g 26 havi.ng cohesion. Then, the mnpute transparent balls
12 are squSQQE nGdM%RF¥ﬁ9+sgP9°§FﬁaﬂbE@ QN¢Qﬂ%§edeﬁ?}?% as the coating

;no'?;t :dt \era?n% %gggiﬂeﬁiﬁ Cxlrl Sdors}!flgggﬁ oat:.ng, I¥?|Eaeggf01‘:less oS e%w Ilrtl.% roller is
coating material having adhesion or cohesion is used and then
colored after being coated.

The process of filling the minute transparent balls
12 in the minute-~transparent-ball disposing layers 14 can be
carried out by burying type minute transparent balls 12 in the
colored layer 13 having the adhesion or the cohesion or the
colored layer 13 and the transparent layer 15 by a desired depth
so that the minute transparent balls 12 should be in contact
with or close to each other in a single grain layer.

When the minute transparent ball disposing layer 14
is formed, an apparatus and a method proposed by the same
assignee Of the application in Japanese patent application No.
7-344488 "minute ball arranging apparatus and minute ball
arranging method" can be applied. Specifically,'a supply nozzle
for supplying the minute transparent balls to be finally used in
the minuteftransparent-ball disposing layer is prepared and the
minute transparent balls 14 of an amount which is more than
those finally disposed in the minute-transparent-ball disposing
layer 14 are supplied to the colored layer 13 having the

cohesion, the transparent layer 15 having the cohesion and the



t here - reby the mnute transparent balls 12 being buried at the |ight
emssiqp,.side in coelored |ayer 13, the transparent |ayer 15 , or the

t ranspa et Hasee i, Rt he colored layer 13 and the transparent |ayer 15
| ocat ed . &dyacuum absor ber apparatus is brought on the

sur frace # : ’, absorbing and renoving the remai ning m nute

t ransparent: bal the mnute transparent balls which are not fixed

tightly and whose buried anmount does ng@t1 reach a predeterm ned val ue.
Thus, it is possible to forma desired mnute-transparent-ball disposing
| ayer 14 where only a mnute transparent balls buried in the colored |ayer
13 or the transparent |layer 15 or the transparent |ayer 26 by a desired

depth are+dhaBgsednt layer 26 haviflg SR, whER, L Oke d ens 10 shown

in FIG 10 1 s manufacture ayer 13 havi ng adhesi on or

cohesi on itgahepaEEne LA (12a6FBAEGHEed RS &0 DEDEEnddly dhtanded loavWkhg
nmet hod can be enpl oyed. The transparent |ayer 15 having the adhesion or

cohesi on ieatdoet milnvteatarmpEirentshakl dispisingolbayer The. nmMoreoviergnapar ent
balls 12 are densely filled and arranged in the transparent |ayer 15 by
t he above P¥ESE&Hg rahlex rimJioratedevith a (presiedgrmanedePERF LRl | ayer 13 on

the transparent base nmenber 11 with its side having the mnute
t r anspar eﬁ‘?‘eﬁ&ﬂ‘s thegehy, Jdhe) Mipute chraRIRAF S Had 4t herReHNI IwFried, pther

215500, S ohisoll Qe 'CRSER E08 SRS 3R0AY. oo vrapemegsp o
layer. 1njldyet §5al Cor!fife MrlildpaleRBSPIEN 128U EnB" Bolored layer 13
' and the transparent layer 15 locéted thereunder. The vacuum
absorber apparatus is brought on the surface side, thereby

absorbing and removing the remaining minute transparent balls
and the minute transparent balls which are not fixed tightly and
whose buried amount does not reach a predetermined value. Thus,
it is possible to form a desired minute-transparent-ball
disposing layer 14 where only a minute transparent balls buried
in the colored layer 13 or the transparent layer 15 or the
£ransparent layer 36 by a desired depth are disposed.

In some case, when the plano lens 10 shown in FIG. 10
is manufactured, the colored layer 13 having adhesion or
cdhesion'TE formed on the transparent base member 11. The
following method can be employed. The transparent layer 15
having the adhesion or cohesion is coated on a transfer sheet
(not shown). The minute fransparent balls 12 are densely filled
and arranged in the transparent layer 15 by the above method.'
The transfer sheet is pressed to the colored layer 13 on the
transparent base member 11 with its gide having the minute
transparent balls 12 disposed thereon being opposed thereto, and

further pressed so that the minute transparent balls 12 should



peel ed off fromthe transfer sheet together with the transparent | ayer,

thereby being transferred to the transfer base nenber - side—Thus.—the

pl ano I ens or the screen on which the minute- transparent-ball dlsp05|ng
| ayer 14 is formed on the transparent base nember 1this ured.
When. t he plano | enses or the screens shown in FIGS> H E E

manuf actured, the transparent protective |ayer 25 . ;ar e above
coating nethod on the mnute- transpar -bal |l disposing | ayers 14 shown

in FIG 9 and 11 forned by the above nethod. In the plano

| enses 10 or the screen 10S shown in FIGS. 9 to 12, the transparent base

menbers 11 are disposed on the light em ssion sides As shomn in FIGS. 13

and 14, when the . transparent base nenber i s |s osed e |ight
i nci dence SUsF@ntigdl Yof‘?% r*d‘erré"FﬁB&pﬁ‘ﬁﬁn%éb Gl lIlﬂ eEo Fed | ayer

1oV 0 SO0 503, GOIES £ G FOAAEE OLUL eV ko 0 IRV

ore ayer coated on a

transfer sheoled gt %E‘Biﬁm_he T%ﬁ%f@isgﬁééﬂt td @Her k&d}ﬁ\thagtaamﬁaﬁhtor

cohesi on i |n1larly coated on t colored Tayer 13. The mnute

transpar eniaﬁ}al ) thbZediyebéeng etvandidrred t6 the trdnyfat bager md@ber bot h of
the colored layer 13 and the transparent |ayer 15 forned thereunder by the
above burgidey. ndhus]). theeplanostens siredhe scpees nl whiahh&heombnete- | ayer
13 on the transparent base nmenber 11 with its side haV|n%. the m nute

t r anspar entrangparent-haddodéspesinedanesi Ad 4ppbEred he transparghtet o,

and furthe,pre3sgd, o9, 12 bouldbudIsPa et

When the plano lenses or the screens shown in FIGS>
11 and 12 are manufactured, the transparent protective layer 25
are coated by the above coating method on the minute-
transparent-ball disposing layers 14 shown in FIG. 9 and 11
formed by the above method. |

In the plano lenses 10 or the screen 105 shown in
FIGS. 9 to 12, the transparent base members 11 are disposed on
the light emission sides. As shown in FIGS. 13 and 14, when the
transparent base member 11 is disposed on the light incidence
side, the following method can be employed. The 6olored layer
having adhesion or cohesion is coated or the transparent layer
26 having adhesion or cohesion formed on the colored layer 13 is
coated on a transfer sheet (not shown). The transparent 1éyer
15 having adhesion or coheéion is similarly coated on the
colored layer 13. The minute transpérent balls 12 are densely
buried in the colored layer 13 or both of the colored layer 13
and tﬁe transparent layer 15 formed thereunder by the above
burying method. The transfer sheet is pressed to the colored
layer 13 on the transparent base member 11 with its side having

the minute transparent balls 12 disposed thereon being opposed



balls 12 shoul d substantlally reach the transpareﬁf~baSE”‘ﬁ6€Tﬂ'ﬁnder t he
colored layer. In this state, the mnute transpar ep b sulftidsBeairepleel ed of f

fromthe transfer sheet together with the transpar reby bei ng
transferred to the transfer base nenber side. Thu U‘“ﬂmmm ns or the
screen on which the mnute-transparent-ball disposi s formed
on the transparent base nenber 11 can be manuf act ured.

Mor eover, when the plano | enses 10 or thgg screens 10S shown in FIGS. 15
and 16 are manufactured, the methods of manufacturing the plano | enses or

t he screens shown in FIGS. 9 to 14 can be applied. Then, the protective
transparent base members 41 forned of the sheet-like and rigid substrates

are bondeg do.theaphape LG5 deahoSERLENNd Wiguel Lhenadission layers

or by utilTZing the eston I anspar en yers 26, 15
on the oppR3ilse 1§' dfsui des @yt drtidinyerehln ik Wranspareit Hase fiHee’ s 11.

Use of the plano lens, the rear-projéction type projector screen and the

rear - pr oj aftidean tmepeoyoﬂ@@ Thydd .2y InapR&S o tisteaC aMiedmigute thendpasen!
i nvention can solve the above problens of the lenticular |ens.

Speci fi calbajlsaezer peajed ofhefnumeshet transfier aheetsitogethbe witleryhal | i ght
is effectively prevented from travelling in undesired directions, it is
possi bl e t?ﬁﬁﬂﬁﬂ@ﬁﬁ@t LareEoreheraby,being pransferred to the tramsfese it is
e oo S Al A -S4 50, SRkS R 82800 108 6K Und ck2eRO5T Lt ©
prevent t e m bERYRy t
' the minute-transparent-ball disposing layer 14 is formed on the
transparent base member 11 can be manufactured.

Moreover, when the plano lenses 10 or the screens 10S
shown in FIGS. 15 and 16 are manufactured, the methods of
manufacturing the plano ienses or the screens shown in FIGS. 9
to 14 can be applied. Then, the protective transparent base
'members 41 formed of the sheet-like and rigid substrates are
bonded to the plano lenses or the screens through the adhesion
layers or by utilizing the adhesion or cohesion of the
transparent layers 26, 15 on the opposite sides thereof relative
to the transparent baée members 11.

Use of the plano lens, the rear-projection type
projector ‘screen and the rear-projection type video display
apparatus according to.the present invention can solve the
above problems of the lenticular lens.

Specifically, according fo the present invention,
since the external light is effectively prevented from
travelling in undesired directions, it is possible to improve
the contrast of the picture.

Since it is unnecessary to provide thé smoke plate or

the like, it is possible to prevent the luminance from being



| owered. As a result—+t-—ts possible to avoid use of the light source
consumng a |l arge pi &kdand hence it is possible to reduce a consuned

power, tThisrSbett ' rated heat, and to prevent the_costs_fronrbeing
i ncreased ccording to the present invention, since the |ight
can be w n both of the vertical and horizontal directions,

the range 1n-which the user can observe a sharp picture is extended, and
it is possible to avoid a partial unevenggss of |um nance.: The
pl ano |l ens according to the present invention can be easily manufactured
and handl ed as conpared with the Ilenticular |ens, which prevents the costs
from bei ng i ncreased. According to the plano | ens of the

present inkaptddl akhg rESRLE!TAD isS JodRBYEe S5t IP USRI 0¥ Lhe! {8lnt
& ol ! Rt o

obt ai ned when the [enticular {ens is-use I's 'poss

easi |y anesshide ddriswiiiingt & Olargdli gdwdUin@Nhéfcd her ol Ealigye godesired

| um nance di stribution. Wien both of the Fresnel |ens and the
| enti cul arréducse a momsumed, power s fwsiduce hogaherstaed IHday,eandf tecti ons

t her ebet ween. Mor eover, since the noire hardly occurs in the
plano | cPEeYRRptiengossst feoprkeing inereasedn, restriction of the

design in the rear-projection type projector is relaxed. It is possi bl e
to easily equip a zoeﬁ#’ﬂﬁé%‘é‘é it &rjeﬁﬁétl%'k‘éent%r &3fce the light

Accor di ng ééhtﬁgaJ&&ET@“EiE@XSQ&ifﬁ“bé%ﬂ“g% E & ggpgigﬁl and horizontal
" directions, the range'iﬁ which-the user can observe a sharp
picture is extended, and it is possible to avoid a'partial
unevenness of luminance.

The plano lens according to the present invention can
be easily manufactured and handled as compared with the
lenticular lens, thch prevents the costs from being increased.

According to the plano lens of the present ihvention,
the resolution is improved as compared with that obtained when
the lenticular lens is used. |

It is possible to easily amend the illumination
distribution to thereﬁy achieve a desired luminance
distribution.

"""When both of the Fresnel lens and the lenticular lens °
are used, it is possible to above multiple reflections
therebetween.

Moreover, since the moire hardly occurs in the plano
lens according to the present invention, restriction of the
design in the rear-projection type projector is relaxed. It is
possible to easily equip a zooming mechanism or the like

thereon.

According to the present invention, since the minute



83 transparent bal | s _having different refractive indexes are nmixed in
1t is possible to formthe screen having a high peak

gai n and havi Redn

The gl asis ; arent balls having the refractive indexes of 1.5
1.6,- 1.7, m%m 1 can be manufactured. The glass mnute
transpare ing the refractive indexes of 1.5, 1.9 and 2.1 are
mass- produced, and hence generallylavaFgable with low costs. On the other
hand, The glass mnute transparent balls having the refractive indexes of

1.6, 1.7 and 1.8 are conparatively expensive. According to the present
I nvention, since the inexpensive mnute transparent balls of two kinds or

more are f@ﬁ%%‘élp%?{ah%r ﬂl\iffntfa%igﬁ] ggeggiégﬁger 23 v hhe 20Ul (}{.ihlfeer@rlgof to

a preferable ratio i
aredtively high gain even at a bend angle of 30[err].

expensi ve i nute transpare or opti onal  ntxi ngy

formthe sGf ¢ereirbrhblePOSSid) § ¢ Qst Essgisf@ N d FPm'Enkh8ct8ah -wiRet i on

type video diSplay apparatus obtaining an excellent gain curve wth "an

| nexpensi ¢ Hieii peak gain and HEMingd adesmpabeei wiBf erilghd gaihodvernits 0f the
pr esent invention wth reference to the acconpanying drawings, it is to
be under st waingllet b€ POEsent invention is not linmted to the
above-nmenti oned enbodi ments and that various changes and, nodifications
can be effected therEhe Basshaipute tgapsparpntyalls\hawdng Rarting from

the Spirit of S5AR% ThabSsPLESE, 1.¢1venh!of 45 9 iaed,q Lhg gprended
manufactured. The glass minufe.transparent balls having the
refractive indexes of 1.5, 1.9 and 2.1 are méss-produced, and
hence generally available with low costs. On the other hand,
The glass minute tfansparent balls having the refractive indexes
of 1.6, 1.7 and 1.8 are comparatively expensive. According to
the present invention, since the inexpensive minute transparent
balls of two kinds or more are mixed to form the screen or since
only a small amount of the expensive minute transparent balls
are used for optional mixing thereof to form the screen, it is
possible to the screen forming the rear-projection type video
display apparatus obtaining an excellent gain curve with an
inexpensive cost.

Having described preferred embodiments of the present
inventioh with reference to the accompanying drawings, it is to
be understood that the present invention is not limited to the
above-mentioned embodiments and that various chénges and
modifications can be effected therein by one skilled in the art
without departing from the spirit.ot scope of the present

invention as defined in the appended claims.



What is clainmed is: 1. Aplano lens conprising: a
transparent base nenber disposed on a light em ssion side thereof or |ight
i nci dence si de thereof-—and a mnute-transparent-ball disposing

| ayer [ThisiSh@t Bds Bedn85hc[f1 NUt € transparent balls two-dinmensionally in a

si ngl-e e ~said transparent base nenber so that said mnute

t ransparifq ( F@’gUlﬂosed adj acent to each other should be disposed in
contact w to each other, andgg colored |ayer disposed so as to
expose said mnute transparent balls to outside on the |light incidence
side, wherein said mnute- transparent-ball disposing |ayer has an

I mproved |ight transm ssion at a |light em ssion side end portion of said

m nute transparent ball. s i..Axﬁlaqp | ens according to claim
1, wherein a transparent |ayer T@%SpGL84™A &% d nminute transparent
. balls Dbetween said m nute-transparent-ball disposing |ayer and said

transparent base nenber. - 3. A plano lens according to claim

1, wherein a proteaqti ¥ephhadSPe$ Honpt®ings formed on the side of said
m nut e-transparent-ball disposing |ayer oppoSite to the side t her eof
havi ng said transpar enttrhfgparent base member dispdse¢d aom d diighaccording to

claim1, wherein a :

emission side thereof or light incidence side thereof; an
a minute—transpérent—ball disposing layer having at

least minute transpareht balls two-dimensionally in a single
grain layer on said transparent base member so that said minute
transparent balls disposed a@jacent ﬁo each other should be
disposed in contact with or close to each other, and a colored
layer disposed so as to expose said minute tramsparent balls to
outside on the light incidence side, wherein said minute-
transparent-ball disposing layer has an improved light
transmission at a light emission side end portion of said minute

transparent ball.

2. A plano lens according to claim 1, wherein a
transparent layer is disposed on said minute transparent balls
between said minute-transparent-ball disposing layer and said

transparent base member.

3. A plano lens according to claim 1, wherein a
protective transparent layer is formed on the side of said
minute-~transparent-ball disposing layer opposite to the side

thereof having said transparent layer.

_ 4. A plano lens according to claim 1, wherein a
- :
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85 .protective transparent base nenber is disposed so_as to be opposé&d-

to said transparent base nenmber through said minute- trdh tfas BéeA Replaced
di sposi ng | ayer. 5. A plano I ens according t ein
a Fresnel lens is bonded to a Iight incidence side of sai

transparent -bal | di sposing side through a transparent |ayer.

6. A plano lens according to claim1, wherein an anti-reflection layer is
formed on either or both of a light incigtence side and a |ight emnission
side at its outernost sides. 7. A plano lens according to
claim1l1, wherein a protective layer is forned on either or both of a |ight
I nci dence side and a |ight em ssion side at its outernost sides.

8. A pl ano greftectiver dramspardiltibdlsd mufiBEL! 15 HishosBaNEbeas e sRAr ent
balls is projected fromsaid colored |Iayer on the |ight incidence side by

an anount c@poesdondi sgid cciféparentobasef memistrehireughf saad dnidyud-—e
transparent ball, and a thickness of said colored layer is set to a

t hi ckness. &FaANsparentaha¥hodigpasiagdilaperer of said mnute transparent
bal I . : 9. Aplano lens according to claim2, wherein

absor bance or spectral absorbance of one or both of said col ored | ayer

and said transparent [layers _on hhe light em ssion_side . are changed with
respect to a thickneé%‘&?ﬁ§€¥$b ens according to claim 1, wherein a

Fresnel lens is bonded to a light incidence side of said minute-

transparent-ball disposing side through a transparent layer.

6. A plano lens according to claim 1, wherein an
anti-reflection layer is formed on either or both of a light

incidence side and a light emission side at its outermost sides.

7. A plano lens according to claim 1, wherein a
protective layer is formed on either or both of a light

incidence side and a light emission side at its outermost sides.

8. A plano lens according to claim 1, wherein said
minute transparent balls is projected from said colored layer on
the light incidence side by an amount corresponding to 30% or
more of a diameter of said minute transparent ball, and a
thickness of said colored layer is set to a thickness.smaller

than 70% of the diameter of said minute transparent ball.

9. A plano lens according to claim 2, wherein
absorbance or spectral absorbance of one or both of said colored
layer and said transparent layers on the light emission side are

changed with respect to a thickness direction.
_—
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86 10. A plano lens according to C|aiﬂ¥9-—%he+€&+k%*ﬁﬁf%”
are lamnated a plurality of layers in which absorbance or laced
absor bance of one or both of said colored | ayer and sdf
| ayers on the light em ssion side are different frpn1e H
11. A plano lens according to claim1, wherein a dianet ute
transparent ball is set equal to or smaller than 100 pm
A plano lens according to claim1, wheregg a distribution range of
dianeters of said mnute transparent balls is set equal to or smaller than
10% of a nean di anmeter. . 13. A plano lens according to claim
1, wherein a refractive index of said mnute transparent ball is set
equal to or larger than 1.4 and set larger than that of a nmenber in
contact with said mnute transparent ball on the |ight incidence si de.
14. A plano |ens accorgl g g1ane iéﬁblacc\.‘!ﬁ?dﬁid"' £ emhﬁm 9! I'ANSRA L hepa! |
of said m nute-transparent-ball disposing I"ayer are fofned of ninute
t r anspar entarealllamioftedoa kphadsaldity ofolayéesi g wiiilche a®g8brbahedcs: ve
I ndexes. 15. A plano lens according to claim1, wherein
nm nut e spectral absorbance of one or both of said colored layer and

said transparent layers on the light emission side are different

from each other.

11. A plano lens according to claim 1, wherein a
diameter of said minute transparent ball is set equal to or

smaller than 100 mm.

12. A plano lens according to claim 1, wherein a
distribution range of diameters of said minute transparent balls

is set equal to or smaller than 10% of a mean diameter.

13. A plano lens according to claim 1, wherein a
refractive index of said minute transparent ball is set equal to
or larger than 1.4 and set larger than that of a member in

contact with said minute transparent ball on the light incidence

side.

14. A plano lens according to claim 1, wherein minute
transparent balls of said minute-transparent-ball disposing
layer are formed of minute'transparent balls of two kinds or

more having different refractive indexes.

15. A plano lens according to claim 1, wherein minute
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87 transparent balls of said minute-transparent-ball disposing [layer
are fornmed of mnute transparent balls of two kinds or mihiB Shevia@een Replaced

different refractive indexes, a peak gain of said plano le . S
or larger than 2.4, and a gain of said plano |Iens obtained |l e
of 30 is equal to or larger than 1/3 of the peak gain. . A
pl ano | ens according to claim1, wherein a refractive indexes of said

m nute transparent balls are stepwi se or89Qradually changed froma center
of a lens to a periphery thereof. 17. A plano |l ens according
to claim1, wherein absorbance or spectral absorbance of said transparent
base nenber is stepw se or gradually changed froma center of a lens to a
peri phery thranephrent balls of saidlfindtelérhdpgitenacsalidi dfsgdsifledi m 1,
wherein mnute concaves and convexes are forned on a surface of “said
mnute tAayepascet fomhéd of minute transpdiSentAballasoolesso dcimisdiorg t o
claim1, wherein a,Z surface of said mnute transparent ball is subjected
to ei ther MO BaviBgrdbffereninhrefractivei ndenascedsprgkagainm afatsarid

repel | enc rocessi ng, 20. A rear-projection type projector
-scPeen ypB.ano iensgls equal to or larger than 2.%, %nd a gaigmgfr;afd

plano lens obtained at a bend angle of 30 is equal to or larger

than 2.4.

16. A plano lens according to claim 1, whereih a
refractive indexes of said minute transparent balls are stepwise

or gradually changed from a center of a lens to a periphery

thereof.

17. a plano lens according to claim 1, wherein
absorbance or spectral absorbance of said transparent base
member is stepwise or gradually changed from a center of a lens

to a periphery thereof.

18. A plano lens according to claim 1, wherein minute
concaves ahd” convexes are formed on a surface of said minute

transparent ball.

19. A plano lens according to claim 1, wherein a
surface of said minute transparent ball is subjected to either
of or both of an anti-reflection. processing and a water-

repellency processing.

20. A rear-projection type projector screen
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88 conpri si ng: a plano lens conprising a transparent base
menber di sposed on a |light em ssion side thereof—er—tight—ncidence side
thereof and a m nute-transparent-ball disposing | ayere Navinng laéega.st _
m nute transparent balls two-dinensionally in a si er on said
transparent base nenber so that said mnute transpﬂlﬁmlmﬁml sposed
adj acent to each other should be disposed in conta Bse to each
other, and a colored | ayer di sposed so 89 to expose said mnute
transparent balls to outside on the light incidence side, wherein said
m nut e-t.ransparent-ball disposing |ayer has an inproved light transm ssion
at a light em ssion side end portion of said mnute transparent ball.
21. A rear-comprdstingen type projector screen according to claim 20,
wherein a transparent |ayer is disposed on said m nute transparent balls
 between sai d mi nut e- t& iR densbePrpriging @sitagneRgcentrkrssmimembeanspar ent
base nenber, 22. A rear-projection type_projector_ screen

accordi ng- 9%sposes; Ar2d, Light S ssion side; thereok, §Faldaht| 30eidencs o red
on the side of .said_mnhute-tra rent-bal l. disposi.ng | ayer opposite to
The sido & MR FTREGPAG B RBHen e aheonEpny Ba 8idBosTHG 1ay P

ot eot i ve Havthd WRC1BROL S s 3o3RRPATERE biMle v SRk idna iy el B °
sai d transpaimille REFAEnTBAPEF on said transparent base member so that said

minute transparent balls disposed adjacent to each other should
be disposed in contact with or close to each other, and a
colored layer disposed so as to expose said minute transparent

- balls to outside on the light incidence side, wherein said
minute-transparent-ball disposing layer has an improved light
transmission at a light emission side end portion of said minute

transparent ball.

21. A rear-projection type projector screen according
to claim 20, wherein a transparent layer is disposed on said
minute transparent balls between said minute-transparent-ball

disposing layer and said transparent base member.

22. A rear-projection type projector screen adcording
to claim 20, wherein a protective transparent layer is formed on
the side of said minute-transparent-ball disposing layer

opposite to the side thereof having said transparent layer.

23. A rear-projection type projector screen according
to claim 20, wherein a protective transparent base member is

disposed so as to be opposed to said transparent base member

) O 0




89 t hrough said m nute-transparent-ball disposing | ayer.
24. A rear-projection type projector screen accor di mhjs Shees Hos BéemR@Mcedrher ei n
a Fresnel lens is bonded to a light incidence side | '
m nut e-transparent-ball disposing side through a tr ! .

25. A rear-projection type projector screen according to claim?20, wherein
an anti-reflection layer is formed on either or both of a light incidence
side and a light emssion side at its ouéirnnst si des. . 26. A
rear-projection type projector screen according to claim?20, wherein a
protective layer is fornmed on either or both of a |ight incidence side and
a light emssion side at its outernost sides. 27. A
rear - proj egiy :@Ar Qi 11 cat.dy ngs i 0, wherein said
mnute tr aﬁ%l%olgirhegtnh%/egépl @iﬁgégr%%%tieg e?ﬁf rgé?nh'sn&;%sopgc%r@r 2‘3%%{/er on the

| i ght incidence side by an anpunt corresponding to 30% or nore of a

di aneter of said mnute transparent ball, and a thickness of said col ored
layer is set. to a t2icknesarsaidjectibantydoprojdetodi soréen adcariitg
m nut e transparent ball. 28. A rear-projection type

proj ector skQ edkpizt @8 dwhgrein ;@ Frasnell lepseie bonderbrisngcd ightspect r al
absorbance of one or ; . - )
incidence side of said minute-transparent-ball disposing side

through a transparent layer.

~25. A rear-projection type projector screen according
to claim 20, wherein an anti-reflection layer is formed on
either or both of a light incidence side and a light emission

side at its outermost sides.

26. A rear-projection type projector screen according
to claim 20, wherein a protective layer is formed on either or
both of a light incidence side and a light emission side at its

outermost sides.

27. A rear-projection type projector'écreen according
to claim 20, wherein said minute transparent balls is projected
from said colored layer on the light incidence side by an amount
corresponding to 30% or more of a diameter of said minute
. transparent ball, and a thickness of said colored layer is set
to a thickness.smaller than 70% of the diameter of said minute

transparent ball.

28. A rear-projection type projector screen according

to claim 21, wherein absorbance or spectral absorbance of one or
—_—
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90 _both of said colored |ayer and said transparent layers on the 1ight
em ssion side are thanged-with respect to a thickness direction.

29. A r Bhi§ SHEISBLh B h}¥ e projector screen according to claim28, wherein
there arq. arality of layers in which absorbance or spectral
absor bangumg,m%ﬂ%&h of said colored |layer and said transparent
layers on - I ssion side are different from each ot her

29. A rear-projection type projector scred@ according to claim20, wherein
a dianeter of said mnute transparent ball is set equal to or smaller than

100 pm 31. Arear-projection type projector screen according
to claim 20, wherein a distribution range of dianeters of said m nut e

t ranspar entbdtdl bf saidetokoped layerr andabhibd tiwnspHi¥naf layerseem tteanet er.
32. Arear-projection type projector screen according to claim 20,
wherei n a rldfgldcemissindeside are ¢hangedewithrrgsprateto Bathitkness equal
to or larger, than 1.4 and set | arger than that of a nenber in contact
with said MA¥RCEION:r ansparent ball on the |ight incidence side

33. Arear-projection type projector screen according to claim 20,
wherein mnute transparent balls of said m nute-

29. A rear-projection type projector screen according
to claim 28, wherein there are laminateéd a pluraliﬁy of layers
in which absorbance or spectral absorbance of one or both of
said colored layer and said transpareént layers on the light

emission side are different from each other.

29. A rear-projection type projector screen according
to claim 20, wherein a diameter of said minute transparent ball

is set equal to or smaller than 100 mm.

31. A rear-projection type projector screen according
to claim 20, wherein a distribution range of diameters of said
- minute transparent balls is set eqgual to or smaller than 10% of

a mean diameter.

32. A rear-projection type projector screen according
to claim 20, wherein a refractive index of said minute'
transparent ball is set equal to or larger than 1.4 and set
larger than that of a member in contact with said minute

transparent ball on the light incidence side.

33. A rear-projection type projector screen according

to claim 20, wherein minute transparent balls of said minute-
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91 __transparent-bat+—di sposi ng | ayer are forned of mnute transparent
balls of two kinds [ o e having different refractive indexes. .
34. A r'8as ype projector screen according to claim20, wherein
m nute tr il s of said mnute- transparent-ball disposing |ayer
are for ransparent balls of two kinds or nore having _
different refractive indexes, a peak gain of said plano lens is equal to
or larger than 2.4, and a gain of said ple#po | ens obtained at a bend angle
of 30 is equal to or larger than 1/3 of the peak gain. 35 A
rear-projection type projector screen according to claim20 wherein a
refractive indexes of said mnute transparent balls are stepw se or

gradual |y cewagsphierinballcaiépés g A dyiis ak@ fobféd ¥ mAnuleer €of .

36. A rear-projection type projector sCreen according to claim20,

wher ei n abstrdrsparent bpddsraf ebs duimix oromosei Naving aliffarent base nember
Is stepwi se or gradually changed froma center of a lens to a periphery

t her eof . refractive indexe@.rear-projection type projector screen
accordi ng to claim20, wherein mnute concaves and convexes are fornmed on
a surface of said mnute transparent ball. 38. A

rear-projection type gyojgc éﬁr55¥é¥23t%%%9£952Ebrojector screen according

to claim 20, wherein minute transparent balls of said minute-
transparent-ball disposing layér are formed of minute
transparent balls of two kinds 6r more having different
‘refractive indexes, a peak ggin of said plano lens is equal to
or larger than 2.4, and a gain of said plano lens obtained at a

bend angle of 30 is equal to or larger than 2.4.

35. A rear-projection type projector screen according
to claim 1, wherein a refractive indexes of said minute
transparent balls .are stepwise or gradually changed from a

center of a lens to a periphery thereof.

36. A rear-projection type projector screen according
to claim 20, wherein absorbance or spectral absorbance of said
transparent base member is stepwise or gradually changed from a

center of a lens to a periphery thereof.

37. A rear-projection type projector screen according
to claim 20, wherein minute concaves and convexes are formed on

a surface of said minute transparent ball.

38. A rear-projection type projector screen according

_—
—
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92 to claim 20, wherein a surface of said mnute transparent ball is
subj-ectedto either of or both of an anti-reflection processing and a

wat er rf.eaabiROB%n RE si ng. 39. Arear-projection type video

di spl ay npri si ng: a video projector unit; and

a tranammmﬂr creen, said transm ssion type screen conprising a

t ranspa er disposed on a light em ssion side thereof or |ight
i nci dence side thereof, and a ninute-tr&gsparent-ball di sposi ng | ayer
having at |east mnute transparent ballS two-dinensionally in a single
grain layer on. said transparent base nenber so that said mnute

transparent balls disposed adjacent to each other should be disposed in

contact u &b Olath o, WheBih B1LGEradl b oahoReHut 8YEFandlicinnRehasp a5 to

expose said mnute transparent b outside on the [l I nci dence

si de, wher gsns@ftjsctedtoceithbanePaseBotllaldf dhsanei tpefPa@idias an _
I nmproved |ight transm ssion at a |light em ssion side end portion of said

m nute trpnepessing kald a water-repellencif pracesaings oj ecti on type vi deo
di spl ay appar at us according to claim39, wherein a protective transparent.
| ayer is formed on the side of said m nute-transparent-ball disposing

i _ i nit e bal | di spy
layer opposi te to thegsi ge, Lher eof haW 00 520, LIADPAISY, apk¥Slis

comprising:

a video projector unit; and

a transmission type screen, said transmission type
screen comprising a transparent base member disposed on a light
enission side thereof or light incidence side therebf, and a
minute-transparent-ball disposing layer having at least minute
transparent balls two-dimensionally in a single grain layer on
said transparent base member so that said minute transparent
balls disposed adjacenf to each other should be diéposed in
contact with or close to each other, and a colored layer
disposed so as to expose said minute £ransparent balls to
outside on the light incidence side, wherein said minute-
‘transparent-ball disposing layer has an improved light
transmission at a light emission side end portion of said minute

transparent ball.

40. A rear-projection type video display apparatus
according to claim 39, wherein a proteééive transparent layer is
formed on the side of said minute-transparent-ball disposing

layer opposite to the side thereof having said transparent

layer.

[
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93 41. A rear-projection type video display apparatus
aCCOFdLﬂgﬂLQ—GLa+ﬁT39_”Vh~Téin a Fresnel lens is bonded to a |Iight

|nC|dence S|de sairdpiediut e-t ransparent - bal | di sposing side through a
asB ) . . .
transpar 42. A rear-projection type video display
apparatus m‘ul cIa|n139 wherein an anti-reflection layer is
formed on of a light incidence side and a |ight em ssion
si de at |ts out er nost si des. 95 43. A rear-projection type video
di spl ay apparatus according to claim39, wherein a protective layer is
formed on either or both of a light incidence side and a |ight em ssion

side at its outernost sides. 44, A rear-projection type video
di spl ay apparatus aadardi pgatoptdedeth ﬂ&b@reiﬂeéﬁdnﬁpidyiﬂp?ﬁ@é@ﬁé bal | s
of said mnute-transparent-ball disposing |ayer are forned of m nute

t r anspar encogiriingf te \mladim@ (owhepedn hmErepndilf lensnis beddattioa

I ndexes. .., Arear-projection type video display apparatus
accor di ng tlégélltaitﬁ?aa@en%esﬂé%qﬁ raid RingkgrhraRSPBERNS-bRlLadigposing
m nut e- t r anspar di s | ayer are fornmed of mnute transparent
bal | s of tWd §E§°59 d%ﬂ@’ aﬁ ngi {#¥PEnt  refractive indexes, a peak
gain of said plano lens is equal to or larger than 2.4, and a gain of
said plano |l ens obtained at a

42. A rear-projection type video display apparatus
according to claim 39, wherein an anti-reflection layer is
formed on either or both of a light incidence side and a light

emissidn side at its outermost sides.

43. A rear-projection type video display apparatus
according to claim 39, wherein a protective layer is formed on
either or both of a light incidence side and a light emission

side at its outermost sides.

44. A rear-projection type video display apparatus
according to claim 39, wherein minute transparent balls of said
minute;transparentéball disposing layer are formed of minute
transpareift balls of two kinds or more having different

refractive indexes.

45. A reér-projection type video display apparétus
according to claim 39, wherein minute transparent balls of said
minute-transparent-ball disposing layer are formed of minute
transparent balls of two kinds or more having different
refractive indexes, a peak gain of said plano lens is equal to

or larger than 2.4, and a gain of said plano lens obtained at a
_—
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94 __—bend—&nglre—e#——%e—is equal to or larger than 1/3 of the peak gain.

Are r- cg QP tiype video display apparatus according to claim 39,
vvherelﬁﬁ1 ﬁlt ndexes of said minute transparent balls are stepw se

or grad rom a center- of a lens to a periphery thereof.

9%

bend angle of 30 is equal to or larger than 2.4.

46. A rear-projection type video display apparatus

according to claim 39, wherein a refractive indexes of said
minute transparent balls are stepwise or gradually changed from

a center of a lens to a periphery thereof.

_—
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