REAR PROJECTI ON SCREEN TECHNI CAL FI ELD
The present invention relates to rear projection 5 screens chiefly used

for rear-projection-type prOJectors such as video projectors and slide
proj ectors. BACKGROUND ART As rear
projection screens of this type, there have conventional |y been known
t hose screens conposed of a 10 single lepticular |ens sheet conprising as
a base materi al a synthetic resin such as pol ynethyl nethacryl ate, and
an i norganic material such asrghRSEROSEET UON NSORERMr oxi de, or

beads of an organic material such as pol ynethyl nethacry- | ate or

pol ystyrene, incorporated into the base nmaterial, 15 and those screens
conposed of such a lenticular | ens sheBECHNICARNHIBLDer | ens sheets. In the
case of these rear je reen | | i [ ' d on
t he screens by@flg’ réres?nt h%hg;%ﬂr%gg%su%%léggg %T 83k ﬁr&j&f@f&?
addi ti on t5o CRE¥sreenagl ehigbiy| hgad fonrrearspediogtionstypeRroMEEorHd

| LAs have receghty Qseolaésd BPofB8tors aﬁaggiléé%f}@j;eé@érgrol ection.
Further, images projected are also beconing very clear and distinct,

li ke those i mges formed on hi gh- BREKEROYNR 8RBT evi si ons or the Iike.
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br oadcasti ng s¥§tens iucﬁgg; tEe NTSC .and PAL col or televis'onf
systems, . CABVEPSIERBALY o oi8HEI oHXIST eSFTFPBPe YT HIP LR e8is 2
have suchOa psdhgze tlmtticssl;mcilaldsyshben venyrisibag aneé base mterimt

i mages are prgj ' es go
r ougheni ng. %pggﬁﬁﬁ%g?? é%ée ?ngﬁgto?l mgkgéggg%gggooﬁﬂgggﬁf

they are cover dHowRgaRic materlal such as glass or aluminum hydroxide, or
beads of an organic material such as polymethyl methacry-
late or polystyrene, incorporated into the basé material,
15 and those screens composed of such a lenticular lens sheet
and other lens sheets. In the case of these rear projec-
tion screens, imaging 1light is projected on the screens

by using a light source such as a CRT.
In addition to CRTs, single-tube light sources such
20 as LCDs, DMDs and ILAs have recently been used as the
light sources for projection. Further, images projectéd
are also becoming very clear and distinct, like those
images formed on high-definition televisions or the like.

DISCLOSURE OF THE INVENTION

25 As in the case of the .conventional broadcasting

systems such as the NTSC and PAL color television systems,
the aforementioned conventional rear projection screens
have such a problem that, especially when very clear and
distinct images are projected on the screens,'the dis-
30 played images .undergo roughening. Specifically, the
surfaces of the screens look as if they are covered with
a very fine net, so that the images displayed on the
screens are seemed tb be deteriorated. It is known that
this problem becomes more serious when single-tube 1light
35 sources are used for the formation of the images.

Further, the conventional rear projection screens



a very fine net, so that the images di spl ayed on the screens are

seenmed to be deteriorated. It is known that this probl em becones nore
serious when single-tube light 35 sources are used for the formation of
the i mages. Further, the conventional rear projection screens

2 cannot so well reproduce the gloss of netals, etc. as

direct-view tubes. Mreover, the inmges digplayed on the screens have
| ow contrast; and they are observed to be whitish and to be
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screen. 20 The first feature of the present invention is a rear
projecti d® screen cEhprPERsENE jRYRNEHRR VAR adcampddahed in visgyi af then an
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of providing an image which is free from roughening, which
has gloss reproduced with high fidelity and which is

15 = excellent in contrast and sharpness.

Another object of the present invention is to provide
a rear projection screen whose surface does not receive
fine scratches which will be the cause of the deteriora-
tion of an image displayed on the screen. -

20 The first feature of the present invention is a rear
projection screen comprising a lens sheet or flat she%t
having such an optical function as light-condensing or
light-diffusing function, wherein at least a surface of
an imaging-light-transmitting area in the

25 light-emerging-side surface of the 1lens sheet or flat
sheet is made smooth so that a surface roughness of the
imaging-light-transmitting area will be from 0 to 0.40
micrometers. .

In the first feature of the preéent invention, it is

30 preferable that the surface of the
imaging-light-transmitting area be made smooth by coating
thereto a transparent material. Further, it is preferable
that the surface of the imaging- light-transmitting area
be made smooth by coating thereto a transparent material

35 whose refractive index is lower than that of a base
material of the lens sheet or flat sheet.'

Furthermore, it is preferable that the surface of the



sheet is made snooth so that a surface roughness of the

ismagi ng-light-transmtting area wll be fromO to 0.40 m croneters.
In the first feature of the present invention, it is 30 pr ef er abl e

{ hat t he surface of t he Il magi ng-light-transmtting area
made snooth by coati ng thereto a transparent material. Further, it
pref erabl e that the surface of the ingging- light-transmtting area

be made snooth by coating thereto a transparent material 35  whose
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be coated with a transparent material.

The second feature of the present invention is a rear
projection screen comprising a pluraiity of lens sheets or
flat sheets having such an optical function as
light-condensing or light-diffusing function, wherein at

least a surface of an imaging-light-transmitting area in

a light-emerging-side surface of at least the outermost

sheet on an observation side of the lens sheets or flét
sheets is made smooth.

According to the first and second features of the
present invention, at least +the surface of the
imaging-light-transmitting area in the light-emerging-side
surface of the 1lens sheet or flat sheet is made smooth.
Therefore, the screen can provide an image which is free
from roughening, which has gloss reproduced with high
fidelity and which is excellent in contrast and sharpness.

Further, the surface of the imaging- light-transmitting

.area is made smooth by coating thereto a transparent

material whose hardness is higher than that of the base

material of the lens sheet or flat sheet. Therefore, the

image displayed on the screen is free from deterioration
which is .brought about by fine scratches formed on the
screen. | '

BRIEF DESCRIPTION OF THE DRAWINGS
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least a surface of an imaging-light-transmtting area in 20

l.i ght - ener gi ng-side surface of at least the outernost
observation side of the | ens sheets or flat sheets is

a
sheet on an
made snoot h.

According to the first and second features of the pr esent

invention, at least the surface of the 25
i magi ng-light-transmtting area in the |ight-energing-side

the | ens sheet or flat sheet is nade snoot h. Ther ef or e,
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BEST MODE FOR CARRYING OUT THE INVENTION
First Embodiment

By referring to the accompanying drawings, embodiments
of the present invention will now be explained in detail.
Fig. 1A is an illustration showing a first embodiment of
the rear projection screen according to the present
invention.

As shown in Fig. 1A, a rear projection screen 10
comprises a lenticular lens sheet 11 in which lenticular
lenses lla are provided on the light source side thereéf
and in which a diffusing material 13 is dispersed, and a
transparent smooth layer 12 provided on the lenticular
lens sheet 11 on the observation side thereof.

Now an explanation of a conventional rear projection
screen will be given for comparison. As shown in Fig. 1B,
a conventional rear projection screen 10-1 employs a
lenticular lens sheet 11 in which lenticular lenses lla
are provided on the light source side and in which a
diffusing material 13 is dispersed. '

In such a rear projection screen 10-1, when fine
irregularities are present on the surface of the
light—emerging area in the outermost sheet on the observa-
tion side of the lens sheets or flat sheets having such
an optical function as light- condensing or light-diffusing
function (such a sheet being the lenticular lens sheet 11
in the case of the rear projection screen 10-1 composéd



BEST MODE FOR CARRYI NG QUT THE 1 NVENTI ON Fi rst Enbodi nent By
referring to the acconpanyi ng draw ngs, enbodi nents 15 of the present

i nvention will now be explained in detail. Fig. 1Ais an illustration
showi ng a first enbodi nent of t he rear proj ection screen according
to the present I nventi on. As shown in Fig. 1A a rear
projection screen 10 20 conmprises a lengicular |lens sheet 11 in which
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element is completely missing, and the black dot is thus

often recognized as a defect.

15 Further, in the case of a light source such as a CRT,
composed of three tubes, even if incident light from one
direction causes total reflection, incident light from the
other two directions emerges. On the other hand, in the
case of a light source such as an LCD, composed'of a

20 single tube, imaging light enters only from one direction.
Therefore, if this incident light causes total reflectioé,
imaging light does not emerge at all, and, as a result,
a black dot formed on the screen is observed very clearly.

Furthermore, when the light-emerging area on the lens

25 sheet or flat sheet is insufficient in smoothness, extrane-
ous light scatters at this area. This makes the displayed
image whitish, and, as a result, the image loses its gloss
and sharpness. '

In the rear projection screen 10 shown in Fig. 1A, the

30 transparent smooth layer 12 is provided on the lenticular
lens sheet 11 on the observation side thereof to smooth
the light- emerging-side surface of the lenticular lens
sheet 11, thereby solving the above-described problems
such as the roughening of image.

35. In the conventional rear projection screen 10~1 shown
in Fig. 1B, the light-emerging surface of the lenticular
lens sheet 11 is poor in émoothness because those fine



5 enlarged viewof Fig. 1B). The darkened part is observed as a
bl ack dot on the screen. ‘As a result, the roughening of inmage is
brought about as nentioned previously. When an i mage to be
projected on the rear projection screen 10-1 is very clear and
distinct, the black dot 10 formed on the screen becones as large as the
pi cture el emrent. Wen the black dot gbecones | arger than the

pi cture el enment, such a state is caused that one picture el enent is
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15 The image can thus acquire gloss and clearness. -
Evaluation was carried out by using some sample
screens containing lenticular 1lens sheets 11 whose
light-emerging-side surfaces have different surface
roughnesses Ra (the center line average height of fine
20 irregularities, determined by using a contact- type
measuring apparatus). As a result, it was found that, the
roughening of image is drastically mitigated when the
surface roughness Ra becomes 0.40 micrometers or less.
In the present invention, it is preferable that the
25 transparent smooth layer 12 be formed by coating a trans-
parent resin (transparent material) onto the
light-emerging surface of the lenticular lens sheet 11.
In general, the light-emerging surface of a screen -
sheet such as a lens sheet can be made into a mirror
30 surface by a molding method capable of attaining high
transferability, such as an injection, press, or cast
molding method, using a metal mold having no irregulari-
ties on an area corresponding to the light-emerging
surface. However, in such a molding method capable of
35 attaining high transferability, if fine roughness is
present on the surface of the metal mold, this roughness
is fully reproduced on the surface of the resulting molded



6 irregularities formed when the lenticular |ens sheet is made

by mol ding are remaining, and, in addition, the di ffusing

mat eri al 13 is existing very near the | i ght -enmergi ng surface.
Therefore, scattering reflection 5 and mrror.reflection are caused at
al nost the sane position in the vicinity of the |light-enmerging surface
of the lenticular lens sheet 11. In contrast to this, in the rear
proj ection screen 10 shown in Fig. 1A, scattering reflection is caused

in the vicinity of the light-energing 10 surface of the lenticular |ens
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. Therefore, the light-emerging-side surface of the lenticu-
lar lens sheet 11 can easily be made smooth.

20 In the rear projection screen 10 shown in Fig. 1A, the
transparent smooth layer 12 is entirely provided on t%e
light-emerging surface of the lenticular lens sheet 11.
Therefore, as compared with a case where a smooth layer
is provided only on the light-emerging area

25 (imaging-light-transmitting area), the image displayed on
the screen can be prevented well from being roughened, and
from becoming whitish which is caused by the irregular
reflectibn of extraneous light. Further, since mirror
reflection is made striking by the transparent smooth

30 layer 12 with which the 1light-emerging surface of the
lenticular lens sheet 11 is entirely covered, an image
having improved gloss can be obtained. '

It is preferable'that the transparent smooth layer 12
be formed by using a transparent material

35 (low-refractive-index material) having a refractive index
lower than that of the base material of the lenticular

lens sheet 11. By doing so, it is possible to prevent the



N product. It is therefore necessary to make the netal nold

wth scrupul ous care so that it will not have fine ~roughness. 5
As a conventional nolding nethod for making screen sheets, an
extrusi on nol ding nmet hod can be nentioned in addition to the
above-descri bed nol di ng net hods. Al t hough hi gh productivity can be
attai ned by this nolding nethod, - the gransferability attained by a
nmetal nold used is |ow, 10 and the light-emerging surface tends to be
consi der abl y roughenghgneﬁ image andThuos ingants, ghogendrcal thejuinege
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low-reflective layers on the light-emerging surface of the

15 lenticular lens sheet 11 by providing some layers having
different refractive index between the low-refractive-index
transparent smooth 1layer 12 and the lenticular lens sheet
11.
| Further, in the rear projection screen 10 Shown in

20 Fig. 1A, it is preferable to smooth the light-emerging
surface of the lenticular lens sheet 11 by coating there%o
a transparent resin whose hardness is higher than that of
the base material of the lenticular lens sheet 1ll. By
doing so, the light—emerging surface can acquire high

25 surface hardness. Therefore, even if the light-emerging
surface comes into contact with foreign matter, it is not
scratched, and the roughening of the surface which will
newly raise the problem of roughening of image, and the
like is not caused.

30 In the above-described first embodiment of the present
invention, the light-emerging-side surface of the lenticu-
lar lens sheet 11 is made smooth by providing thereon the
transparent smooth layer 12 by using a transparent resin.

However, the light-emerging surface of the lenticular lens

35 sheet 11 may also be made smooth, instead of by coating a
transparent resin, by producing the lenticular lens sheet
11 by a molding method capable of attaining high transfer-



It is preferable that the transparent snooth |ayer 12 be f or med by
usi ng a transparent - material 35 (lowrefractive-index nmaterial)
having a refractive index | ower than that of the base material of the
{enticular | ens sheet 11. By doing so, it is possible to prevent the
8 rougheni ng of image, and to inpart gloss to the inmage

di splayed. In addition, the reflection ofg light at the

| i ght-energing surface is decreased, so that an I mage havi ng

i nproved contr aptilamng,shaspohsascaan bdngbtaiined. pgress ofrt dastpredébddnye to
adj ust the thickn DRSS . d of the transparent snmooth |ayer 12 so that it
can fulfill thBet equation d = [err]/4n, where n is the refractive index
of the | ow r ef Faztthes, i dgextheataligve- desqriheae §HEKrREROGHIRNT ¥ )

i's the theoretigal %‘i%s%ﬁ"@fﬁ)e?ﬂﬁtdﬁ B dQig\Gritidrhdd beér@féﬂ@éﬁ()ﬂoOf
extraneous |ight becomes mnjmum and an | mage, whi ch is %/ el | ent

in contradt an8h€h&ESFesProjectdgn Frresie YbiGimEgising the lepticularg,
Ipos? ble to fon_ghaf pé;hé@i:l tiy of which | @@ rcﬁjrﬂpﬂstéd/eotfay@r Sioglithesheet.

i ght - emer gi ng_surface l.enticul ar t pr o ng
sone | ayers hatiPHEVeE- effeé?]lrﬁ Fh actlvrg,\1 73%% Ee?’ llj(:‘jihbé/o 4OR&L
| ow-refracti vepragextion sorsespmosprisipgt 12 | agﬂmrqlamanopf htengnsheetar

| ens sheet 11¢y heets FHdWi%ly  kBchheahcdpPiQieCt i guneeiean 48
shown in 20 Er ?}5\ i e?ss fere?‘bl e tco sErimot hpthe |I%nt gmargltg
J.S

surface dﬂ)thelnshﬁréenéenrseﬁg Qareeltlmtwfcfdﬁ%% frreet
transparent reghgewhage lrsarﬁras&améuw dhareddat tieé llghtt-éﬂebg.Sﬁg-

F?;ﬁil2L9rgrn;2§9%$§%%%%é%né v Sh%ﬁﬁwost sﬁget on éHM g Va%lon side
of the lenticular lens sheets or flat sheets be made
smooth by means of cdating, or by producing the sheet by

15 a molding method capable of attaining high transferabili-
ty.
Second Embodiment

Figs. 2A to 2D are illustrations showing a second
embodiment of the rear projection screen according to the
- 20 present invention. 3

As shown in Fig; 2A, a rear projection screen %0
comprises a lenticular lens sheet 21 in which lenticular
lenses 2la are provided on the 1light source side, a
transparent smooth layer 22 entirely provided on the
25 observation-side surface of the lenticular lens sheet 21,
and a light-shielding layer (black stripes) 24 provided
on the non-light-emerging parts of the lenticular lenses

2la (the top of the protrusions).
In this rear projection screen 20, the light-shielding
30 layer 24 is provided on a part of the light-emerging-side
surface of the lenticular lens sheet 21. This embodiment
‘can therefore drastically improve the contrast as compared
with the aforementioned first embodiment. Further, since
the light-emerging area (imaging-light-transmitting area)
35 on the lenticular lens sheet 21 is made smooth by the
trénsparent smooth layer 22, the roughening of image can

be prevented well as in the aforementioned first embodi-



25 surface hardness. Therefore, even if the |light-energing surface

cones into contact with foreign matter, it is not scrat ched, and the
rougheni ng of the surface which will new y raise the probl em of
rougheni ng of inmage, and the li ke is not caused. 30 In the
above-described first enbodi nent of the present i nvention, the

| i ght - emer gi ng-side surface of the lenticyg | ar | ens sheet 11 is nade
snoot h by providing thereon the transparent snmooth |ayer 12 by using a
transparent resent. However, the light-enmerging surface of the

lenticular lens 35 g g@eeﬁsllzaaxngyégrgfenﬁﬁfuéﬁmfonénéﬂ@@ﬁl@fv@yla-

coati ng a transp rent fesi.n oducl ng t l enticul ar I'ens sheet
11 by a nol di ngieeshodf ctbabreanf pEeierkiany PEEPeR AP sTRevn in Fig. 2A.

9 ability, spghsRSwANAFRFL M, J.rpraei'éaQrpﬁa§écﬁ‘Dbﬁl 8@reen 20%) hod.
Further, in the above-described first_enbodi pr esent

i nvention? an 8xpl anatgh slakelting gi J8¥eFo ?i t’r% rBﬁPVlB?Sj e on™&r een
10 c:)rrprihsi ng hoR- lﬁﬁhtcéinéfg:ﬁng pensssharfl dltranépahent soopblsecbapér a
singl e sheet. t.he Ianatlon | d ar
proj ection scré&h 3:8n8fr°¥|lﬁ§d © Xpéﬁ ity efa}{n%sﬁ! gae’{)gl&py élgirjf&??%téﬁ
sheets havi ngtheucighitn-emprghhg Sﬁdmcwh@qhasalm the| nghn- bboliereherg brg

li ght- difoSi”§a£EEcér°Ehe léﬂtlEblér lens&8S81ait is preferable that at
| east the Ilgh emer gl ng- I de surface of_the outernopst sheet on t he

observat il@n si de Furtwr t B& I%Pﬂ"frbm-%r Figns ZheelR & B98% RRREESTHR made

smoot h by nea@érééncom-lln,g,a Qrighyt pheeuat Ag 1aye:smusbprb51dea onl theg
nmet hod capabl e of f tﬁ{n'nﬂ gh trangferabéll-
non-lig er

Enbodi ment ging parts transpa¥ént smoo%h f§§er

24 is provided on the light-emerging parts.

" Furthermore, as shown in Fig. 2D, in a rear projection
15 screen 20A-1, a light-shielding layer 24 is provided on the
non-light-emerging parts of lenticular lenses 2la; and,
after the light-shielding layer 24 is provided, a trans-
parent smooth layer 22A is entirely provided on the
observation-side surface so as to also cover the

20 light-shielding layer 24. ' F
In all of the rear projection screens shown in Fig%i
2A to 2D, the light-emerging-side lenticular lens surfac-
es, main light-emerging parts, are made smooth. There-
fore, not only the roughening of image but also scattering:

25 reflection at the light-emerging parts can be prevented.
Further, the rear projection screens shown in Figs.
2A, 2C and 2D are different from the rear projection
screen shown in Fig. 2B in that even those parts other

than the light-emerging- side lenticular lens surfaces,
30 main light-emerging parts, are made smooth. Intrinsical-
ly, imaging 1light does not emerge from these parts.
However, it actually emerges from the parts very slightly
due to the diffusing material contained in the lenticular
lens sheet. The light emerged from these parts make a
35 large exit angle with a normal line, so that no effect
seems to be brought about when the image is viewed from

the front. However, when the image is observed obliquely,



Figs. 2A to 2D are illustrations show ng a second enbodi nent of the
rear ‘projection screen according to the 20 present invention.

As shown in Fig. 2A, a rear projection screen 20 conprises a
lenticular | ens sheet 21 in which lenticular | enses 2la are provi ded
on the light source side, a transparent snooth | ayer 22 entirely
provi ded on the 25  observation-side surfgce of the lenticular |ens sheet
21, and a light-shielding layer (black stripes) 24 provided on
tﬂe non- | i ght - drergamg bear tecodnihed | dhiaitc uthe lrowgbening Qfi g ifnelge t 69 of
the protrusiong) rear projection screen 20, the

l'i ght - shi el di ng §8°tlvelg pEEOEEQbaowdedponja part of 't

| i ght - ener gi ng- si deThere Sif f BGe dg-tffteﬁ@nl(‘@ntJr%uP&FfPEH§n§ﬁeéiet2‘PenThF§e

embodi ment scraln Nameher andFag. ¢l lahd MLy eshidin contFag! 2. corpar ed
with the aforenentioned first. enbodi nent. Eﬁrther

li ght - emeryi ng S FQ&tPFﬁa@§ngsPPUﬁt1Pr§ﬁ9n1 |ﬁ@napﬁa?ggglnegnb¥hgormlng
| enti cul ar | engheheetradtpasemtde ssmoblkhbylaher 22 twatBpameskisgoothe

| ayer 22, the- rouggﬁgk‘%%gg%rggggep%%r%s (thd® RLpY eg“g\lebk()@;ujs{lo}lg?’l

af or enent i oned PPy

ment . refiegsingB, 2BeandmaBking || Eddmpati 8pd shpwPwgdimgi a- the
tions of the F§3GnkC e eh RS T KRS 294shﬂi’mtl‘1é' If_)|a9:'t:sz'6from which A8h&hown
in Fig. 2B, in a‘rear proj ECPIOH screen 20A, | i ght-shi el di ng

layer 2405 mﬁﬁ&%P@ééllﬂnhaﬁhPeen reﬁSﬁsPﬁght energlng parts, and a
-‘transparent snooth hagelscreen 2HOwnS if ®igflemNy ANffdwenentionl shosens

I L
in a rear projaaiean22A is provided also on the light-shielding layer
24. Although most of imaging light is absorbed by the
15  light-shielding 1layer 24, a little imaging light is
reflected. This reflected light makes the displayed image .
whitish. By providing the transparent smooth layer 22A
on the light-shielding layer 24, it is possible to prevent
scattering reflection which is caused due to the surface
20 roughness of the light-shielding layer 24. Therefore, the
image can further be prevented from becoming whitish.
Third Embodiment
Fig. 3 is an illustration showing a third embodiment

of the rear projection screen according to the present
25 invention.

As shown in Fig. 3, a rear projection screen 300 is a
combination of a Fresnel lens sheet 310, a lenticular lens
sheet 320, and a flat sheet 330.

In the Fresnel lens sheet 310, a Fresnel lens 31lla.is

30 provided on the light-emerging-side surface thereof, and
a transparent smooth layer 312 is formed on the
light-emerging area (imaging-light-transmitting area) on

the Fresnel lens 31lla. Further, the lenticular lens sheet

320 has lenticular lenses 32l1la provided on the light

35 source side thereof. A light-shielding layer 324 is
provided on the non-light-emerging parts (the top of the
protrusions) of the lenticular lenses 321la, and a trans-



ar

screen 20-1, a light-shielding layer 24 is provided on the non-1ight-
emergi ng parts, and a transparent snooth |ayer 24 is provided on the

| i ght -energi ng parts. Furthernore, as shown in Fig. 2D, in are
projection 15 screen 20A-1, a light-shielding |ayer 24 is provided on the
non-1ight-enmerging parts of lenticular |enses 2la; and, after the

l'i ght-shielding |ayer 24 is provided, a trgns- parent snooth | ayer
22A is entirely provided on the observation-side surface SO as

al so’ cover tper2@t shoglth Jbiyelrdid®p lisy/eforded on the lighttémefging
rear proj ect| O ggeﬁgstﬁguw)‘tpclﬁ.gf ls?ns Sf?é%'é %221D Qﬁe observation

| i ght - ener gi ng

parts, are nadéléﬁoﬁhﬁrevﬁeﬁ@d on tﬁﬁnk%ghﬁnSQ#ﬁSﬂ%QQa#QKEHKQ@%Q of Theémge
but al so scattgfipRdskaet éﬁsﬁ lRithaAla pliGnel £ Dbt -HBEWIIN RABLS T

I i ght - energlng entic ens surfac- naln

I Qn ,screens

prevent ed. Further, the rear
2A, 2C  and 2BMEFEipgreifenturianetie ‘f%‘é%r%i Siddt PofranspParept Fmep

shown in

e

Fig. 2B in thatageen3Bhose parts other t han the |ight-energing- S|de

| enticul ar | ens sur&gces

Intrinsical - ﬁ%%ghen+ %Rtu%QQRa 2" dahd gﬁrquﬁ&ﬁ aRee

doés "ot energ m

hes

ﬁggsth

However, it acsmabhglynergéiebted1ﬂhe pataéwmaﬁﬁaﬂtxpulgaused dye fnnehe
di ffusing ”ﬁte%kéh BQQEE%EEQ bH t@ﬁe'SHEéEHEé% lens gﬁeétsafeflatT@ﬁeétght

energed fromt

ese parts mak large exit angle with

a nornmal |ine,

so that r® effest the oksﬁﬁa‘ftz@rbesw%ugﬁ dbsutrefte PIPELF R $STEFRved
from the fpRBYer, H@i\saein e eakleewharee infaPlisenvemhtoBhayekyfrom
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effectiyv
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sheet or the llke on the observation side, black dots are

produced by total reflection. These black

dots Dbecome

15

20

25

30

unclear because light scatters when it passes through a
lens sheet or the like positioned on the light-emerging
side as compared with the outermost lens sheet or the like
on the observation side. However, the? never disappear
completely. The remaining black dots are observed on the
screen as the roughness of the image. :

According to the third embodiment of the preseét
invention, the transparent smooth layers 312, 322 and 332
are provided on all of the light-emerging surfaces of the
lens sheets 310 and 320 and the flat sheet 330 which
constitute the rear projection screen 300. It is there-
fore possible to prevent the appearance of black dots not
only on the flat sheet 330 which is the outermost sheet
on the observation side, but also on the lens sheets 310
and 320. The roughening of the finally observed image can
thus be prevented more effectively.

EXAMPLES

Example 1

35

Specific examples of the above-described rear projec-
tion screens will now be given below. All of the follow-
ing Examples correspond to the above-described first
embodiment, and are concerned with rear projection screens
comprising two lens sheets, that is, a Fresnel lens sheet

to



screen shown in Fig. 2A and that shown in Fig. 2C. The 5 structure as

shown in Fig. 2C can be obtained by formng the transparent snoot h
|l ayer 22 wth nmasking the non-|ight-energing parts (the top of

t he protrusions), rel easing the masking film and prOV|d|ng

t he |l ight-shielding |ayer 24 on the parts from which the 10

maski ng film has been rel eased. [Bhe screen shown in Fig. 2D is
different fromthose shown in Figs. 2Ato 2C in that the transparent
snoot h | apad 22hentipubderdbens| sshest t heneyhes fresaphgleagegheet

24. A though %Sbosi’{:lbﬁéﬁ'&g ﬂHeglltlg‘h% a@é@f@édsitﬁé t ialehe lenticular

| i ght-shielding |layer a Littl é&_imagin reflected. This
reflected i gh&eﬁﬁkél‘e?l’fel&l ?Bﬁéyéﬂnﬁﬁaﬁﬁ thd QEFFFgﬁUB? 3189+ di ng t he

transparent snooth Ezuapld2Ad is coﬁaethedlwgbh ahrebdi pgofjeyeioRdsciéens

possible pre e scatteri Ject i ch.s.ca d he
surface 2 hﬁggsa%?v?h SFF rﬁ?eé |e]T em c>\a,(\4;/ler 1"234 mTE’?alfqu in'étﬁ %
i mage can furthhe bleerngs eveaitmj:a‘rmn w@orﬂr@twbpulrgh side ahdr ®n the

Embodi ment observaltifn $148 £ ! ﬁgﬁét érﬁ’éé'ﬂ‘g @%ﬁpggbgﬁiﬂge@%gﬁm

of the rear prOJectlon screen according to t I nventi on
As shown in Fi goagingsrear projection screen 300 is a conbi nation of a

Fresnel |ens sheet RiRe19, I%tlgaéa 1é ens a rea%hgﬁtoj%&loaﬁcg@céératwééeet
330. In the Fresnel a_Frespel gfs 311la is 30

provi ded ¥h t hB2PPgHRY enetff §°§Baaa§a9¥laéb€et hefedt  FHAGRSL leps sheet
transparent sKBakifackayeougBi@ssis Reor aed.2M ntﬂme.-ometezis)ghhaedraggla]g

Further | the i ShEPsape BE 2 il gRofbbelny medifé J FR08s BG4 "ung,
provi ded on the |leptigElar sbange shiegd t hkersf Pltch Pi bAt mghi eswrfRce ayer
324 is pr %hﬁﬁﬂe@@ kb 1Prnd dbhoREREFSNINAGIAS 4 ReuilRRedls bie1. 5
protrusions) of | enticul ar | enses 321a, and_a trans-
15 mm, produced by means of cast molding. The Fresnel lens
sheet was made from an anti-shock type polymethyl
methacrylate resin (manufactured by Sumitomo Chemical Co.,
Ltd., refractive index n ='1.51) containing 0.4 parts by
weight of styrene beads having a refractive index n of
20 1.59, and a mean particle diameter of 11 micrometers. The
lenticular lens sheet was made from an anti-shock tyée
polymethyl methacrylate resin (manufactured by Sumitomo
Chemical Co., Ltd., refractive index n = l.51)'containing
1.3 parts by weight of glass beads having a refractive
25 index n of 1.53, and a mean particle diameter of 15
micrometers. .It is noted that the amount of a diffusing
material such as styrene beads or glass beads, shown in
this Specification is based on 100 parts by weight of a
polymethyl methacrylate resin (base material) in which the
30 diffusing material is dispersed. '
An image was projected on the thus-produced rear
projection screen by using an LCD projector, and evaluated.
As a result, the image was observed to be free from
roughening, to have gloss, and to be excellent in contrast
35 and sharpness.
Example 2 )
Example 2 is concerned with a rear projection screen



12 parent snooth |ayer 322 is fornmed on the |ight-energing parts

of the lenticular lens sheet 321 on the observation ~ side thereof and
on the light-shielding | ayer 324. The flat sheet 330 contains a

pl ane flat sheet 331 whose light- 5 ener gi ng-side surface is covered with
a transparent snooth | ayer 332. The rougheni ng of inage, and
the like are nost: strongly affected {gy total reflection caused by
fine irregularities on the outernost |ens sheet or flat sheet 10 on

the observatioofsitiee aiotdraiesaripsdfiotstoremoddgent, in H)shehebotla!csﬁ in
the case wher echiRGIG || ANeeVIP 7S chi0Mignt BoLPOs SRR Bha! R | iKE

ot her than the out ernpbst | ens shee t e on the servatlon
si de, bl ack doobservation gideuexe byradst fimaaih é&h%nlensrrﬁet@‘%l%kt%t s

become 15  ung gﬁ{: Reraise Ligbt bé‘iﬁ%;t %fa'iié’\hegmbbtﬁa%%ddﬁ %‘g@vfdlng

| ens sheet or t I'i ke positioned on % ht - ener g g Si
conpared With Fh@rBGPeFrﬁgﬁtFEEs §ﬁ€th6rl? 8 F:P?%t onl thepRsHERYIR i on

si de. HOWE‘VGF,sibéYb@EMQrmddéaQﬂeath by pfﬁﬁ)’)ﬁﬁhglyheré'diﬂ r&ﬂ&bailt:n@gbl ack
dots are observed o reerla t he roughness % t he_ inage.

According to the th\q‘?1 g%o& pFeZ8Rf PTOISCRISR: iS5t °Fhe'as
transparent snmadlé Ibzyerstt&\lzcoﬁﬁinahdoﬁﬂlse ofare Presnebd lemsal $hedtt he

light- energlngﬂéggEgggs 2 %ﬁﬁéss RENS. 6Lt S n3tomade3d 2] aﬂQvEH? fd at

sheet 330 wh cons ute the rear projection screen
there- 10 foftbigkaess|ef t% mst, e PERAUCRE Bﬁpé%ﬁaé?ﬁ:@foPrBﬁ§cR°H‘é%§9no?nd

only on the flat 1gheguld® WL sﬁeé{ae(%hgr Masictsheet 75 mm)Omdvigg a
observation side, but also on the Is éheets 310

rougheni ng of FPRECKPRSE|SE bWy BFC By megns af, u?xgﬁuﬁf‘gf}éﬁ?ﬂ%"%'r e
effectively. The Fresnel lens sheet was RXA®PEBm an dndaimdEmeck type

Speci f1C exanpLes ol 102 JRQYEASACIIDetL 52T éﬂggh‘fgcg(lred PSS EGHS

will now be g.% OW. 0 he 1o correspond
to the alddve- d@bembebl €orstLtd., vebvachive, l@@@!aﬁ’le— cbn@b) reeneimingar

ngngt'on SCr§€hSparts BQ”R@f&HHJdfM%ﬂj%Ehéﬂﬁaadé RAing Sa Pefr&seple | ens
index n of 1.59, and a mean particle diameter of 11
micrometers. The lenticular lens sheet was made from an
anti-shock type polymethyl methacrylate resin (manufactured
20 by Sumitomo Chemical Co., Ltd., refractive index n = 1.51)
containing 2.0 parts by weight of glass beads having;a
refractive index n of 1.53, and a mean particle diameter
of 13 micrometers, and the surface of the lenticular lens
sheet obtained was made smooth by coafing thereto an
25 acrylic '
transparent resin (surface roughness Ra = 0.35 microme-
ters).
An image was projected on the thus-produced rear
projection screen by using an LCD projector, and evaluated.
30 As a resuit, the image was observed to be free from
roughening, to . be very excellent in gloss, and to ‘have
high contrast and sharpness.
Example 3
Example 3 is concerned with a rear projection screen
35 of the above-described first embodiment, in which only the
lens sheet on the observation side is made smooth'by means

of coating.



13 and a lenticular |lens sheet, where the Fresnel |ens sheet s
positioned on the |ight source side, and the lenticular | ens sheet is
positioned on the observation side. Exanple 1 is concerned with a
fear projection screen 5 of the above-described first enbodinent, in
whi'ch both of the | ens sheets on the |ight source side and on the
observation side are made snooth w thout pISovi di ng thereon coati ngs.
Nanely, in Exanple 1, a rear projection screen was 10 made by t he

conbi nation use of Nepedypelin diramHeet3, a reagr PIed acdilgin exEreeRrawas 0, 20

m cromet ers) ﬁaatengoya the EBMBKABESoAl wadMbEPlPUHEEINBY MRS Shedt €SS
nol di ng, and enticular |ens sheet surface

(le pi t
roughness Ra :(59§%aﬁfacr5ﬂ’églé?§ ShaviffAg 3 (}1:1 nds€ r(ﬂmelte%'ﬁsclg np;;a a
produced by neahicahesssbﬂﬂﬂchmg praaﬁce&rbyneblpréss moldim@tmeﬁho@ade

[rom an anti - Shgtkol WPenBRbN BN ynosd ELUAFLYL abe ! ool DML GELILET by

Sum t ono em ca Ive Tn ning 0.4
parts by Weygliacef mqgma)eads =haQ+4@ aicgpmaterred ibkleg n biagd.

1.59, and a neapaRakhicClses HANES eéb{?él&lamf%eﬁéhe&%ns 131F‘rface lgng i gul ar
| ens sheet was_made froman anti-shock t g qnet ﬁéTnethacrylate
19 o

resin (nanufac@&P@&cﬂ}aSun+?@ﬁn)Sheet'CﬁéﬁP@alP€$c ) aBBV¥BY| mdlex n
= 1.51) contai khigkness loB Pait Spbyaueedby elearld a¥schepdsibavindldang.

f ti 25 d ticle di t f 15
Lot R mpel Sekohed’ et A b€ TR o
such as styrenpomyméshyigﬁeﬂhadnyﬂk;esﬁmm&nlMmanufachuseSpmmf$uuatmmpis
pased. on 100 PRAER:BKL ¥BLONell SrosracPPbUPhiYk HPLNACEY) AbontgRhlhg Dase

materi al) in f s ng nmater| s dis
i mage was prOJ@cﬂeEa§ﬁSth¥ vaighpr efucetivrene beads haVlng a refractive

index n of 1.59, and a mean particle diameter of 11
15 micrometers. The lenticular lens sheet was made from an
anti-shock type polymethyl methacrylate resin (manufactured
by Sumitomo Chemical Co., Ltd., refractive index n = 1.51)
containing'Z.O parts by weight of glass beads having a
refractive index n of 1.53, and a mean particle diamefer
20 of 13 micrometers, and the surface of the lenticular lems
sheet obtained was made smooth by coating thereto én
acrylic transparent resin (surface roughness Ra = 0.35
micrometers).
An image ‘was projected on +the thus-produced rear
25 projection screen by using an LCD projector, and evaluated.
As a result, the image was observed to be only slightly
roughened, +to have gloss, and to be excellent in contrast
and sharpness.
Example 4
30 Example 4 is concerned with a rear projection screen
of the above-described first embodiment, in which both of
the lens sheets on the light source side and on the
observation side are made smooth by means of coating.
Namely, in Example 4, a rear projection screen was
35 made by the combination use of a Fresnel lens sheet
. (surface roughness Ra = 0.44 micrometers) having a

thidkness of 2 mm, produced by a press molding method,



projection'screen by using an LCD projector, and eval uat ed. As a

result, the imge was observed to be free from rougheni ng, to have

gl oss, and to be excellent in contrast 35 and shar pness. Exanpl e 2
Exanple 2 is concerned with a rear projection screen

14 of the above-described first enbodi ment, in which both of t he
lens sheets on the |ight source side andjgn the observation side are
made snooth (the | ens sheet on the | i ght source side being nade

snoot h wi t hout ustiag da'angp_@i:al t hel@owhseoasunfacancthade |men shesghenadt he

observati on ' b ot.h Ry,Rr Qui ajcoa
Nanmely, in Exaégﬁgkgﬁeh re prOJeg?IOH chgeﬁﬁﬁg%&%t%ﬁ%ﬁaggy Bkgg%
conbi nati on us&reptmeRteswlas ehe ohtain a Fr(easmeflacl@rran@mme Fqad =aQ. 21

ﬁicroﬂEterS) ﬁéﬁk&%u@a%o 1ehfi ckiess Qﬁé%é”&uﬂbﬁduﬁeﬁsmeﬁPaﬁﬁvQngféss
nol di ng, %Q N a lenticular lens sheet (lens pitch 0.75 nmm having a
f 1

t hi ckness HﬁFkﬁﬁﬁéud%ﬁ:bymhegﬁ§dHFeQxPYdE??F§rﬂﬁ¢$¥H§US1OH-m?ﬁ@lFQesnel
| ens sheet wasTRaderspmlan Riid -sthack waPenade £pohyart Aukinehberr yypee

resin (nanufactured um tgno 1 Chem cal ,Ca. t refractive, index n
oS 515 Toont ai AERgRethy Ty R iR e FELTR | (REmneitus sl S ChiE RS
refractive Chemdemlncot,1L&9.,andfaaneanepandbsla éi Apblercoftdining

m crometers. T6e4l %%ukgr Qﬁtsg et 3?§eﬁad585§§”hgglngua f@%fa%ﬁ?@g

type polynethyl acry acture
Co., Ltd.10 ref Faéﬁﬁvéll ﬁéexl r?’ 5 19843y a mea’éont%@?ﬁ#ﬁqlez GlﬁQPF§erﬁ/\e?—bht

of glass beadsmharbRgtars, aneftractsyeraddestn ok 1. orbsdld Per@asheet
particle diamelet . nea Yt hdls" SHELEE ooy 2RabD8.S Y288 1 LheaLeptigu ar

transparent resin (surface roughness Ra = 0.15 microme-

_ ters). The lenticular lens sheet was made from an anti-

15 shock type polymethyl methacrylate resin (manufactured by

Sumitomo Chemical Co}, Ltd., refractive index n = 1.51)

containing 2.0 parts by weight of glass beads having a

refractive index n of 1.53, and a mean particle diameter

of 13 micrometers, and the surface of the lenticular lens

20 sheet obtained was made smooth by coating thereto an
&

acrylic transparent resin (surface roughness Ra = O.gS
micrometers). ’

An image was projected on the thus-produced rear
projection screen by using an LCD projector, and evaluated.
25 As a result, the image was observed to be free from
roughening, to be wvery excellent in gloss, and to have
high contrast and sharpness.
Example 5
Example 5 is concerned with a rear projection screen
30 of the above-described first embodiment, in which both of .
the lens sheets on the light source side and on the
observation side are made smooth (the lens sheet on the
light source side being made smooth without providing
thereon a coating, and the lens sheet on the observation-
35 side being made smooth by means of coating), and the
refractive index of the coating material used for the lens.

sheet on the observation side is lower that of the base



sheet obtained was nmade snooth by coating thereto an 25 acrylic

transparent resin (surface roughness Ra = 0.35 mcrone- ters).
An i mage was projected on the thus-produced rear proj ection screen by
using an LCD projector, and evaluated. 30 As a result, the imge was

- Observed to be free from roughening, to be very excellent in gloss,
and to have hi gh contrast and shar pndds. Exanpl e 3

" Exanple 3 is concerned with a rear projection screen 35 of the
above- descri bemateriplembodihredens fh@fteh only the | ens sheet on the

(i)gservat ion side lisNgﬁngsmg_Qlt hg;ia{nﬂmrﬁ a re@fr §Rjdition screen was
Nanel y,

t d
by  the ‘combi R2BforPYise 5? nBPWBéﬁ@Fl{Dgﬁé‘{ngéﬁc a Fr %(g:{ri?e gé\gantssouﬂh%%gg ©
Ra = 0.43 m cr(eﬁetfebe) rdaﬂghﬂgssa Ra &hi@¢ka@smiafrohertarsgr odavédgbya a

press ol 4 ng %&r PSE& of é‘%r\n(‘g '&"ﬁtc d gg' %Mé%éﬁ&fe%%emﬁi‘ﬁiggggﬁd

r oughened oughne’s m Cronete
treat nent -so as tlerdhicilar Rmz%nehee‘éné lemst &l:létchandoa75 mm)| gmving a2

I ens sheet (| erg;pkhelsO 0251 m %%\Shﬁ&ea by medid deagtelisiofMord di)ﬁi#'ced

by neans of extrusion nold Fresnel | ens sheet, was na rom
an anti-shock F'Pﬁe Fresnedol%ﬁ?ﬁ h??e%t%%%rﬁﬁgﬁe from @ (R =AW tRe
Sumi t ono ethyTo.metHdbryllstid acésig i( md@xfactuteldl)byt ofiual tomg

0.4 part y t 0 tyre beads _havi fractiv ex_n_of
1. 59, and10b rr\é\ghgmlﬁﬁ tfs“'c?I e g‘%gmet E?f6?0§i9?5ln ﬁi‘c?orre?e?%) ccﬁ’ig aining
I enticul ar | ens.dheetrteadbymads dhrtomfarstyrenarieadshdukvingea poefrnachive
methacryl ate r?tﬁhgx( @“‘5@019569 and a mean particle diameter of 11

micrometers. The lenticular lens sheet was made from an
anti-shock type polymethyl methacrylate resin (manufactured
15 by Sumitomo Chemical Co., Ltd., refractive ih_dex n=1.51)
containing 2.0 parts by weight of glass beads having a
refractive index n of 1.53, and a mean particle diameter
of 13 micrometers, and the surface of the lenticular lens
sheet obtained was made smooth by coating thereto a
20 fluorine-containing transparent resin ("CYTOP" manufacturgd
by Asahi Glass Co., Ltd., Japan, refractive index n;=
1.34) so that the thickness d of the resin layer would be
11 micrometers (surface roughness Ra = 0.37 micrometers).
An image was projected on the thus-produced rear
25 projection screen by using an LCD projector, and evaluated.
As a result, the image was observed to be free from
roughening, to have gloss, and to be very excellent in
contrast and sharpness..
Example 6
30 Example 6 is concerned with a rear projection screen
of +the above-described first embodiment, in which both of
the lens sheets on the light source side and oh the
observation_side are made smooth (the lens sheet on the
light source side being made smooth without providing
35 thereon a coating, and the lens sheet on the observation
side being made smooth by providing thereon a coating),
and the thickness d of the coating layer of a low-



by Sumtono Chem cal Co., Ltd., refractive index n = 1.51) cont ai ni ng
2.0 parts by weight of glass beads having a refractive i ndex n of

1.53, and a nean particle diameter 20 of 13 microneters, and the surface
of the lenticular |ens sheet obtained was nmade snooth by coating
thereto an acrylic transparent resin (surface roughness Ra = 0.35

m croneters). An i mage was project&d on the thus-produced rear 25
projection screen-by using an LCD projector, and eval uated. As a
resul t, the i nE§ETRETiyEsdnded mateaigd! Fosmegheny the lepgygheaédont Shaave

gloss, and to besextRlien dJileCof ISt adjusteldthldr BReSan ful fEXANMPHE 4
30 Exanple 4 is C'ncerneg/mﬁth a rear p%g%ectlon screen t he

of
above- descri be§WREILBodi ment/4Pn (i chSot Factive; pihdey g of Rhet g
on the |light sdaoweeefirdetdnd-dndelkemateriabsel yvathenresiidmladestigtewav@ot h

by neans of coa%h&gh) Nanely, in Exanple 4, a rear projection
screen was 35 e 'by t he conbination use of a Fresnel |ens sheet _
(surface roughnessNampidy, =iQ Exanple dhegeredr pemjertien screemhwelneadeof 2

nm produced byya RHRSTIMiHAG WK of a Fresnel lens sheet (surface
16 using a netal nold whgse surface had been roughened

(surface rough®8¥ghRrgss oRas=nPc2OnBieromepers) hpyieg a thickpgsfeff 20 as

to obtain a FrampeprbansedubiacfcanBdog press| ABLEEHGAr ah@Na Eéﬁﬁic?iéﬁs
2&%?35?67 ngrzﬁggglg%e%tTE&eﬁ%ggﬁ'Q:SZHgﬁgiéﬂF}ﬁg%gﬁggggf He %g%ﬁﬁ?fsﬁock
type pol ymst hpicodetkdcby| meensesifn eértmusadohumedidbngSunThenBresnel
oo "or Sty S, SRR EnREC e, £ LhiiOBREH N pofrfelyic O
methacrylate resin (manufactured by Sumitomo Chemical Co.,
Ltd., refractive index n = 1.51) containing 0.4 parts by
15 weight of styrene beads having a refractive index n of
1.59, and a mean particle diameter of 11 micrometers. The
lenticular lens sheet was. made from an anti-shock type
polymethyl methacrylate resin (manufactured by Sumitomo
Chemical Co., Ltd., refractive index n = 1.51) containing
20 2.0 parts by weight of glass beads having a refractive
"index n of 1.53, and a mean particle diameter of ;3
micrometers, and the surface of the lenticular lens sheet
obtained was made smooth by  coating thereto a
fluorine-containing transparent resin ("CYTOP" manufactured
25 by Asahi Glass Co., Ltd., Japan, refractive index n =
1.34) so that the thickness d of the resin layer would be
d = A/4n ='103 nm (where the theoretical design wavelength
A is 550 nm) (surface roughness Ra = 0.38 micrometers).
An image was projected on the thus-produced zrear
30 projection screen by using an LCD projector, and evaluated.
As a result, the image was observed to be free from
roughening, to have gloss, and to be extremely excellent
in contrast and sharpness.
Example 7
35 Example 7 is concerned with a rear projection screen
of the above-described first embodiment, in which both of
the lens sheets on the light source side and on the



10 .index n of 1.59, and a nean particle dianeter of 11

m croneters, and the surface of the Fresnel |ens sheet obt ai ned was
made snmooth by coating thereto an acrylic - transparent resin (surface
Foughness Ra = 0.15 microne- ters). The lenticular |ens sheet was nade
froman anti- 15 shock type pol ynethyl nmethacrylate resin (manufactured
by Sum tonmp Chem cal Co., Ltd., refrat@ive index n = 1.51)

containing 2.0 parts by weight of glass beads having a refractive

i ndex n of 1.5%bseryadiesarisk axg e Rpdectreoth (the lensgi sheattensthand
the surface of 1@t esdired a5iE8NDedPg RISt snRIMtH NROE&RSt ngésviaﬁzﬁgh by

coating thereto_an acrylic transparent resin %surface roughness R

0..35 mi cr SRSESCTY @ coating, and; thee 1gRS sPEP&ct el bhet ﬁBservatlon

t hus- produced =dde belngornmdg:tsmmrmerpmvmmm titetddh pr aj echeingand .
eval uated.5 25 a | Ly e.free.fr
rougheni ng to ?S\i/:gre hé:g%}é%%%ncﬁpﬁ:ﬁ eg?’%%§%§n§gt%§rﬁ§ge&geg f?'ur %h?on?nﬁst
and shar pness. sheet.Emamppeobservation SEﬂ&nﬁBehighercbhaarhbdtmpfh theear

proj ection screeR3Ratedi hhgfangelgggcgth@ first enbodi ment, in which
bot h of the | ens shee ts on the light source side and on the

observation side ar ¥2Pgd¥ . sidot FEIMNES | énsAsFEST RFAIRCTion $eEgRn s¥asce
si de bei ng madgadeSnBPt h whé h@bbtnbﬂh@th.@hngdse oft fhersgasaemoqtér{gg sRadtt he

| ens she on the qgbservatio si de bei de snDoth ng of
coatlng)gﬁ) and SER&ace r?ﬂgaﬁ%ffve NdeX o %PFQVlﬂgedafor
the | ens $héekne|sst b€ 2bser pataduresi bg |medumsvenff tplrassomoflﬂengasand

17 mat er | aIlé}It Jﬁiéfﬂﬁéﬁgegﬁeet (lens pf@ﬁ?lyo Vg ﬁﬁﬁnﬂé§fhga'rear

proj ection screen
thlckness of 1 mm, produced by means of extrusion molding.

The Fresnel lens sheet was made from an anti-shock type
15 polymethyl methacrylate resin (manufactured by Sumitomo
Chemical Co., Ltd., refractive index n = 1.51) containing
0.4 parts by weight of styrene beads having a refractive
index n of 1.59;, and a mean particle diameter of 11
micrometers. The lentichlar lens sheet was made from an
20 anti-shock type polymethyl methacrylate resin (manufactured
by Sumitomo Chemical Co., Ltd., refractive index n = 1.51)
containing 2.0 parts by weight of glass beads having a
refractive index n of 1.53, and a mean particle diameter
of 13 micrometers, and the surface of the lenticular lens
25 sheet obtained was made smooth by coating thereto a
UV-curable hard- coating material, followed by UV curing
(surface roughness Ra = '0.35 micrometers).
" An image was projected on the thus-produced rear
projection screen by using an LCD projector, and evaluated.
30 As a result, the image was observed to be free from
roughening, to be very excellent in gloss, and to have
high contrast and sharpness. Further, the surface of this
screen was found to have a hardness of 2H, and confirmed
to have improved scratch resistance. '

35 Comparative Example 1

Comparative Examples for the above-described Examples
1 to 7 will be given below.



made by t he conbi nation use of a Fresnel |ens sheet (surface

r.oughness Ra = 0.20 m:croneters) having a 5 t hi ckness of 2 mMm
produced by nmeans of press nolding, and a lenticular lens sheet (lens
pitch 0.75 mm having a thi ckness of 1 nm produced by neans of

ext rusi on nol di ng. The Fresnel |ens sheet was nmade from an anti-shock
type pol ymet hyl methacrylate resin (mgnufactured by Sumtono 10

Chem cal Co., Ltd., refractive index n = 1.51) containing 0.4 parts by

wei ght of styrene bmﬁdsompawampverﬂﬁamyﬂs re a reanwptmgemtﬂbnlsEQeeanMas
mean particle di neter 11 . cr e gThe lant a ns t
was made from lgﬁg a% - sﬁ%%?l??/p%aognq}Sét ﬁyl %et%én%&at gebg sﬁg&@
(manuf act ured (SurfbgeSuninamghn@ssr Bal €0.0. a§<jm1qngmamgnsw¢ hnﬁengn &
1.51) Conkﬁiekﬂgsg 9f9?5ﬁ§ by-¥8L,888 B égéﬁ§cﬂ?? sQaMbﬂg%ﬁgé and

refractive index and a nean particle di ane o]
nm cr omet ePs, aﬂdhﬂﬂ?%ﬁ#ﬁ%%el%$stﬁ@eﬁ§nt|é&?&?IR%ﬁFh -73n&8  RFERFRG

was made snoot hobynhResti RE Lhetsao;nﬁcﬁemetéi»s@rln@vm@tal Bhigkhé88spar ent

resin ("CYTOP" manuf act ur Co.
refracglve i ndB%- Broguge 1b§4Te§8¥tégte§ﬁﬁufﬁ$§kn%§§dﬁn%f tﬁﬁgaég?ﬁn?ﬁyer
woul d be lénsi cheestt ewss (madéacfe:ono@hnasisahccB I¥pe cpohphetlsyl

A 1 mge was pLOLRSLER: 0o e LU ANAANGRILLEWy Sins PR ERLREBaTCESEN bY

usi ng an LCD projec eva e | mage Wwas
observed 0o beLtdee r&éﬁﬁCtlverBBQQEnnng 1t61ha9@n§$b§5nga9d4tOP%Et%e?$

excellent in yeigheNbrasdt;Ahs NBERASS having aExféfPi@c@l@Q index rEX@pple
6 is concerned mn?h a rear prOJectlon scr.een e above-descrjbed-

first enbodi neht 2% n2RPi 2 HERR PFticle qﬁﬂ?ﬁ?@ﬁé°f %ﬁe@?grBHQFﬁﬁsllgﬁ?
source side anﬁeﬁﬁlébﬁar ler@bseliedt | @assim@elr fromdans ryatikstiduk | epse

Seet P oo pebupefiv S ARyl AL IR I nanBRRELD Ut RN S BROULRL 1O

35 t her eon a PeRs Sshee servat
bei ng madé snn@hhmbyaprcoLduhgdthereﬁnagtcwatln@§$ n = 1aght) teentaiekpess d

of the coating;|lgypareE $y OWeeight of glass beads having a refractive

index n of 1.53, and a mean particle diameter of 13

micrometers.
An image was projected on the thus-produced rear
20 projection screen by using an LCD projector, and evaluated.
As a result,'the image was observed to be roughened, go
have no gloss, and to be poor in contrast and insufficient
in sharpness.

Comparative Example 2

25 In Comparative Example 2, a rear projection screen was
made by the combination use of a Fresnel 1lens sheet
(surface roughness Ra = 0.44 micrometers) having a
thickness of 2 mm, produced by a press molding method,
using a metal mold whose surface had been roughened

30 (surface roughness Ra = 0.45 micrometers) by a blast
treatment so aé to obtain a Fresnel lens surface, and a
lenticular lens sheet (lens pitch 0.75 mm, surface
roughness Ra = 0.56 micrometers) having a thickness of 1
mnm, produced by means of extrusion molding. The Fresnel

35 lens sheet was made from an anti-shock type polymethyl
methacrylate resin (manufactured by Sumitomo Chemical Co.,
Ltd., refractive index n = 1.51) containing 0.4 parts by



18 refractive-index material fornmed on the | ens sheet on the

observation side is so adjusted that it can fulfill the equation d =
[err]/4n (n: the refractive index of the | ow-refractive-index
material, [err]: theoretical design wave- 5 | engt h). _ Nanely, in
Exanpl.e 6, a rear projection screen was nmade by the conbi nati on use of
a Fresnel |ens sheet (surface roughnegs Ra = 0.20 m croneters) having
a thickness of 2 mm produced by neans of press nolding, and a

| enticul ar 10 weight sleaityfremes qEaddsh KRavingmp mefragtdvehiicidesss off 1
mm produced by ggang, f? %&&gy mﬁflgﬁd'dl%meﬂé% E&eﬁelnlcrome&ﬁ?é shagl was

made from an anti-%hocC e acrylaté resi
( manuf act ur ed banMﬂvl@nD1@W§mshﬂetbwas madqxfromrénr@@mmm§hqqkndype

L. 51) containi 5g1 fndeRgl ¢ heihabiviatel sl ehynaRechasda Vi Snfromo

refractiv ex n_of and _a nean particle dianeter of

n cronet e s. Tﬂ%emlcallﬁﬂtrchF%r'IE%§r§%EEYewb%d%ﬁd% Trbmah %ﬁﬁraﬁmﬁgk
type pol yres hphret ByC wdizjie resi @mganbéad*sumdlhg aum i‘@fli‘hctlve
Chem cal Co., refract i nde = 1.51) _co ni n p S by
wei ght of gl as%n‘g%iédé" hﬁg nfg is éct?vg'ean p?]ﬁg 5‘ oéglai“egfr aﬁ’g o
particle di amettcrohetdrs. - nlcroneters and t-he surface of the Ientrcular

| ens sheet obt gi éﬂg§§|1 (o) VRNgoToL-Y Nl alo| t o, :@
f1 uori ne-contai ni ng transﬁﬁpentgagﬁ:ﬁ an Qgﬁﬁ chﬁrgaogﬂééﬁ ea
d ass Col0 Lt deroje@ion ragrest Weuﬁhﬂgxa‘h LCD projectoy, sentir%\ra%%ted

thickness d ofaghear &%snultayerhé/vomlalg@ewas obﬁervbarrt]d%cd;%méwm
the theoretical desrgn mavele err] %p§5$ nm_(surface roughness

Ra = 0.38 mi cromedles 2v8 BR PrR§E w&S && KPYn Theeontrast
t hus- produced am@rlﬁ@uffpcﬂ¢mttrﬂm snafpmeﬁg usi ng an LCD projector, and
eval uat ed. As a result, the image was observed to be free from
rougheni ng, to have gloss, and to be extrenely excellent ‘in contrast
and shar pness. Example 7 35 Exanple 7 is concerned with a rear
proj ection screen of the above-described first enbodi nent, in which
bot h of the |l ens sheets on the |ight source side and on the



19 observation side are made snooth (the | ens sheet on the l'i ght-

source side being made snooth w thout providing - thereon—a—coating,
and the lens sheet on the observation si de beiing_nad

provi ding thereon a coating), 5 and t he hardness ﬁ!ul ﬁ %ﬁﬂi@ﬂ”t eri al
used for the | ens sheet on the observation side M =t hat of
t he base material of the |ens sheet. 95 Narmely, in Exanple 7, a
rear projection screen was made by t he conbi nati on use of a Fresnel

| ens sheet 10 (surface roughness RTLAIME 25 microneters) having a

t hi ckness of - 2 mm Erod#cggagy{)gﬁﬁlgg?%n%@%%{}r})%g&ggismgt%i1%13 sheet

| enticular | ens shegf (I'ens pi ckness of 1
mm produced bgrneantlat esheefsi devisiali sgch an ThpticainefunehioBhe®s was

made from an aniynshAcKkabdRendS orPPLYHBLAYkrdBIAGCEYLEE foh EShiRerein

(manuf actured by~Sum t ono Chemcal Co., Ltd., refractive index n =
1.51) containing 2t de@sta/ SURFaRE g ¥t IP99ERS byt HaRasmpt Bting
refractive artfdex & Dight-Sdhemjithg-dRRN firfldod efdicheelenhsoéhddt or

m croneters. T?f | enticul ar Iegis sheet . was q%fl from 20 anti-shack -
type pol ymet hyFLfEt FREFYI Afe "PES FTORRLAS 0 @ SUSIRPRIRYERETHhT cal
Co., Ltd., refofctithe imdging-tighfti¥ransmitihtgi areg 2iDl poetfrdy Qwetght
of gl ass beads,hgxi ng. fractive index n of 1.53, and a nean
particle di arre?éF% ngg?mﬁge%ngér oneters, and the surface of the lenticular
| ens 25 sheet oBtai Fed wA3rnpHeisabieh Byrednt IEEPIRRSt o c1laim 1,

UV- curabl e har gnhes8@hi fige "RiSfdcd off @hkoVREghigLYigHEL BFansmittsbgfacsa

roughness Ra =, 0.35_mcroneters). ) An i mage was projected; on the
t hus- pr oduced $8arade SREQRRBY Gipatinge FPEFeS; A LAnEERr pRb) BEYeh L hnd
evaluated. 30 As 3.a TR8Uréart peojedftonascoberraecotdibmg to esldimm,
wherein the surface of the imaging-light-transmitting area
is made smooth by coating thereto a transparent material
whose refractive index is lower than that of a base
material of the lens sheet or flat sheet.

4. The rear projection screen according to claim 3,
wherein the transparent material is coated to form a layer
whose thickness d can fulfill the equation d = A/4n, where
n is a refractive index of the transparent material, 4 is
the thickness, and A is a theoretical design wavelength.

5. The rear projection screen according to claim 1,
wherein the surface of the imaging-light-transmitting area
is made smooth by coating thereto a transparent material
whose hardness is higher than that of a base material of
the lens sheet or flat sheet.

6. The rear projection screen according to claim 1,
wherein a light-shielding layer 'is provided on the light-
emerging-side surface of the lehs sheet or flat sheet,
excluding the surface of the imaging-light-transmitting
area. |

7. The rear projection screen according to claim 6,
wherein the light-shielding layer is coated with a trans-
parent material.

8. A rear projection screen comprising a plurality

__of 1lens sheets or flat sheets having such an optical

This Sheet Has Been Re;placed . ' THIS SHEET ™ BEEN
T .




tougheni ng, to be very excellent in gloss, and to-have————higthrcontrast
and sharpness. Further, the surface of this screen was_f have a
hardness of 2H, and confi r med _ to have i nprove “ﬂlﬁ“ Ml“%ﬂ%“ ce.
Conpar ative Exanple 1 Conpar ati ve Exanpl

above-descri bed Exanpl es 1to 7 will be given bel ow.

20 I n Conparative Exanple 1, asopear projection screen was

made by the conbination use of a Fresnel |ens sheet (surface
roughness Ra fuficfbomnias oddighitscondanising er lighthditkflesingffhaton,
produced by eSS, f,press nolding, and 5 a lenticular-1lens sheet (lens
pitch 0.75 mm “Surface roughness Ra = 0.54 mcroneters) having a

t hi ckness of 1 atmlepptdac sqrfpceeats af Exagirg ohight utrrRpsIHEt Mmesnel
l'ens sheet waszpgge ify o aag@aﬂtuem&@%gt-\.saaep%uﬁﬁéyl of at MekRaer Mg e

resin (manufactured by Sum tonp Cheni cal . ., Jref ractlve i ndex n
= 1.51) contai ?ﬁ‘ﬁ%f’@"ﬂt sheet @y an Ob%%%?l%‘? %’c‘?ﬁe‘?}% Raders

refractive indgx nEDAt sheedsb5ds made asmdathparticle di ameter of 11

m croneters. The | enticular | ens sheet was nade from an anti-shock
type pol ynmet hyl net hacrylate resin (manufactured by Sum tono 15

Chem cal Co., Ltd., refractive index n = 1.51) contai ning 1.8 parts by
wei ght of gl ass beads having a refractive i ndex n of 1.53, and a
mean particle diameter of 13 m croneters. An.inpge was
projected on the thus-produced rear 20 pr oj ecti'ﬁﬂss?d'lféﬁri-lA&/BEEN g an LCD
projector, and eval uat ed. As a result, the mageREp{_sqgngerve to be
roughened, to have no gloss, and to be poor T N CcomnmtTast—afd—

i nsufficient

e ——

heet Has Been Re‘laced

I



in sharpness. Conparative Exanple 2 25 I n Conparative Exanple

2, a rear projection screen was made by the conbination use of a
Fresnel |ens sheet " (surface roughness Ra = 0.44 mcroneters)

hQV|ng a t hi ckness of 2 mm produced by a press nol di ng net hod,
using a netal nold whose surface had been roughened 30 (surface
roughness Ra = 0.45 microneters) by a blasjy treatnent so as to obtain
a Fresnel |lens surface, and a | enticular |ens sheet (lens pitch 0.75
nm surface roughness Ra = 0.56 m aBsmBAEmls) having a thickness of

oot i Produced by 2eans oSO RILEbI0: o WP HAAEInSIn 1hels

sheet was rmade from &n" ype po yITe
(manuf act ured byhsghlnsnﬁreheﬁromlrqughenlng,LwhlchrbﬂSaglpse rﬁnéﬂduced

1.51) containing;@n4 RaghSePYelity and which is excellent in contrast and?l
wei ght of styrene beads having a refractive index n of 1.59, and a

mean parti & e dFRAREPBESE ‘11AnFERENBFeiectine screepeh9|eapardpaastghgaﬁ

was made from apragehtshestenitipn _com;@@ié’é@t Ay efieti bag ey a.téhsf e§héét 11
(manufactured b refractiv

Sum.t ono Cheni cal _Co. t
1.51) contai ni néon%alnipg 3&&%%‘? i drﬁ“é(ﬁs &qugl%@g& nan aOP'Qlcal
refractive fundéxon aé LiFgdt-comtensdoan par Lighe- diﬁﬂaSéngofuﬂatlon,

m croneters. gﬂ: ocpélﬁ)]l%eerd %%v&% hga-agseg%sggﬁﬁégslo
proj ection screén by u5|n pro ec and evadl a
result, tB& inagé wad obder vede 0 emmatRysbl y providedigheprd, to HhSe

~ho 9'033 and t 9iBRtPEABrhIng08iAaSkurfacedd¥ Ivhalffd ot £Al1d N BERE PERESL
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;Ilg’ht diffusing fu at | east 4
'|rrag|ngllght tra%‘l areélnallght ener gi ng
ekt g

LABOM (O =
-22 - Me t| on screen conmpii aEpIC C@M'Eﬂf‘%ﬁéﬂ?q or
flat sheet havi uch an functlon as ligh ?.E.n&aus_ag—ec—-‘
| qurface of an
si td ARR 9% of {t he
| ens sheet "or flat I S made -snoot h so%é hat a dqunface roughnes$ Ra of

the imaging-light-transmtting area wll fromOfto 0.40 m cronetefs
2. The rear projection screen according to cl ai 11 wher ein the sdirface

of the imaging-lighf-trapsmtting.area is nade. srm a reto a
transparent materi ai Atear p"°‘§gt'°n SeFREn P@HP"W%}E‘ %?/? gef g%tngffgg?‘ﬂ”shg
to claiml, whaichidh dgticalFuridtionashightdbhdengity adight-Gifflisihg AMBEoA, wiegeiar ea 1s
made snooth by coating thereto a fransparent material whose refractive

index is |ower thardtlRast dsuHace: gkamimagingdighirtrangmiting, areanipea light-emerging-
sheet . sidé surfacd of the Qénso R Cor! fidt %@??é; n?éaéoﬁlqb&ﬁ £ thath NBurface

wherein the transparent material "Is coated to rma [ayer whose thickness

d can fulfill noughnessaRaowf dthe [raaging-light-tranemitting iatean wikf baicromeOi tldk4df

t he transpare%cﬁaﬁ&asal d is the thickness, and [err] is a theoreti cal

desi gn wavel eng 5. The rear projection screen according to
claim1, wherein the surface of the inmaging-Iight- transm’tti ng area is nade
snooth by coating t eret a transparent materi 0 ess s higher
Than that of & basemt eftres Praon Aty aepring i gfimt foifersh te shHisg

The rear proj esft ten nﬁﬁgmgnngnt;mmhlmggtereal & Mhade \dmﬂom rbya doat;ﬁg -thereto a

W -transparent material.

3. The rear projection screen according to claim 1, wherein the surface
of the imaging-light-transmitting area is made smooth by coating thereto a
transparent material whose refractive index is lower than that of a base material of

the lens sheet or flat sheet.

4, The rear projection screen according to claim 3, wherein the
transparent material is coated to form a layer whose thickness d can fulfill the
equation d = A/4n, where n is a refractive index of the transparent material, d is the

thickness, and A is a theoretical design wavelength.

5. The rear projection screen according to claim 1, wherein the surface
of the imaging-light-transmitting area is made smooth by coating thereto a
transparent material whose hardness is higher than that of a base material of the

lens sheet or flat sheet.

6. The rear projection screen according to claim 1, wherein a light-
shielding layer is provided on the light-emerging-side surface of the lens sheet or flat
sheet, excluding the surface of the imaging-light-transmitting area.

7. The rear projection screen according to claim 6, wherein the light-

shielding layer is coated with a transparent material.
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shielding layer i's prOV|ded on the | i ght - ener gi ng-si de surface of the | ens

sheet or flat sthtace of the
i mdgi ng-1ight-tr ing area 7. The rBEPLAﬁEMENEtSiﬁET_s Cr een

according to clai \ E“\I ght- shielding llayer 15 coated pMih a
transparent mater:TB “u ‘\‘“\“ -23- 8. Ajr DN
screen conpri sing al 1ty &f lens sheets or flat hgﬁ?'ﬁt@bﬁ? bugch an
optical function as |ight-condensing or |ight-diffugi ngeferectionr—whefein
at least a surface of an imaging-light-transmttingjarea in a
~light-emerging- side surface of at |east the outern ~steer—om amr "
- observation side of the I ens sheets or flat sheets is made snooth so that a
surface roughness Ba of £ i, | BALAG sdrblbombAIgs!dilify 3r3ens hderd 8r fbp™ ©

sheets having such an optical function as light-condensing or light-diffusing function,

~ wherein
at least a surface of an imaging-light-transmitting area in a light-emerging-
side surface of at least the outermost sheet on an observation side of the lens
sheets or flat sheets is made smooth so that a surface roughness Ra of the imaging-

light-transmitting area will be from 0 to 0.40 micrometers.
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