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PCT/ | BOS! WY $2R23513 Lenti cul ar sheet PCT/IB98/0175he
invention relates to a transparent sheel conprising two lenticular arrays
of LenfitdifShb®9 pitch on opposite surfaces of the sheet, each array
conprising a series of enbossnents. The invention also relates to an
obj ect conprising such a transparent sheet, a nmet hod, a single nould

and a set of noulds for manufacturing said transparent sheet. 5

A sheet according to the opening paragraph is known from US patent no.
3,357,773. Both surfaces of the known plastic sheet are enbossed with a
regul ar array of convex mcro-|lenses. The spacing between the centres
of the mcro-lenses in both arrays differs by a small anount. The
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perpendicular to the corresponding surface comprises at least two discontinuities. A

discontinuity in the cross-section is a relatively short length of the border line in the cross-
section of the embossment where the direction of reflection of incident light changes. A

20  discontinuity is relatively short if the length of the discontinuity in the cross-section is shorter
than 40% of the length of the border line of the embossment. The discontinuities in the cross-
section at locations where the embossments extend from or into the sheet are not to be
included in the number of discontinuities. The changes in reflection due to the discontinuities
become visible as a distinctive structure in the Moiré pattern, thereby increasing the visibility

25  of the pattern and adding to the depth perception. A discontinuity may be a small region of the
embossment that reflects incident light diffusely, e.g. by a rough surface texture. A
discontinuity may also be a small region presenting planes under different angles to incident

light, such as a groove or hill having two or more sides; the sides may be flat or curved.
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sphencal segment is defined as a part of a sphere having one flat part, located on one side of a

25  plane having a constant value of z. Relatively steep edges of the sphérical zone may reflect
light by total internal reflection, giving a locally strongly increased reflection of the sheet,
thereby enhancing the visibility of the structure. If a single, steep-edged spherical segment
were used as embossment instead of the shape according to the invention, the height of the
embossment would be relatively large, rendering the manufacture of the mould for forming the

30  sheet and the moulding process more difficult. _

The embossments may be arranged in a rectangular array. The embossments are
preferably arranged in a hexagonally close-packed array, reducing the area between the

embossments to a minimum.
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projected image surrounded by and coplanar with such a frame will appear to a binocular

25  observer as not coplanar, enhancing the observer's depth perception of the picture or image.

A further aspect of the invention relates to an object provided with a transparent

sheet according to the'.invention. The purpose of the sheet may be to improve the reflectivity
of the object because the combined arrays produce a significant degree of retroflection for a
wide range of angles of incidence and also to provide light scattering and highlights over a

30 wide angular range. The purpose may also be decorative in view of the wide range of visual
patterns that can be formed by the sheet. The sheet may be an integral part of the object. It
may form for instance a part of a protective casing, thereby combining a structural and a

decorative function.
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25 A further aspect of the invention relates to a method of manufacturing a
transparent sheet comprising a lenticular array by using 2 mould. The mould comprises a
bottom provided with a series of embossments in a pattern of the lenticular array and is
characterized in that the a cross-section of the embossments in a plane perpendicular to the
bottom comprises at least two discontinuities. _

30 The objects, advantages and features of the invention will be apparent from the
following more particular description of preferred embodiments of the invention, as illustrated
in the accompanying drawings, wherein

Figure 1 shows a cross-section of a lenticular sheet according to the invention,

Figure 2 shows an object provided with a lenticular sheet, and
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25 The radius and spacing of the embossments are preferably chosen in

dependence on the distance from which the sheet is normally observed. When the observation
distance is less than one meter, the spacing should be in a range from 1 to 1000 um. When the
observation distance is more than one meter, the spacing should be in a range from 1 mm to
100 mm. The radius should increase proportional to. the spacing.

30 The embossment mey cover the entire area of the surface on which the pattern
is provided, or the embossmént may be spaced apart to leave unembossed areas between them.
The embossments may be arranged in any pattern in the arrays, such as a rectangular or
triangular pattern. An hexagonal pattern is preferred because of its close packing. The above

spacing of the lenses is in the nearest neighbour direction.
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carj&idge, as kno ireartb Ak Is tribRned: : 74,085, .has a
Iidtl520 menber 1 3%%%&% e %?feﬁhr@w ng ?rgle%ém?%rmﬁ%%?ﬁ 2 ¥ %rd
carri er sids of HesheetcTheistructure of zone Sandegmisnt Dis most clearie seci whertthe 3hévignet i ¢
t ape, o§£i caldl__f]toa ﬁ!} rr@gn tic‘fii sk or optical disk. The record carrier
shown i BO¥R¥ Hﬁ et 3?}?%’0-'shaped optical record carrier such as a CD or
a DVD. Lid Pisiee? sidwd Scdrbilipeqb ploviead with haéntithfe shak Gotiing 1d fet he
nme

I nvention. Likew se, base nber 17 may be made of a |enticUlar
sheet, #veption Jhsrcarridee; as knownypersgdiom intenaliadjSipatepti nos 4,834,0855hastadid i d or

e e R OB T g g 5P g 10

provided wth a conprising a icu
The usecarfiet may be of any tyipe,stish any mingneticr tape; optical taie], magndivadisioer spticardisio be

f tis terfei.t . . .Jh [ f the sheet may be nmde
O gor TP G b RS e S A e 5 o
Cr 0SS- SV Iid Mentber 1646 tnddSof meﬁtAlbask dhebeRbora tﬁ@ﬂ%mﬁ&. Lﬂ&%ﬁﬁ gagag tot

the invention has been enbedded. | enticular sheet according to
i nvent | Sxember 17 may betmnadernf@ lensicatar sheetar pruts bfthewartidgs sugh aa thressiderwallsay er

22. 24\ T GFhRGHd o\f%aﬁé”‘r\’)@ﬁ)ng;srnlhybp filafGfiBtured from lenticular sheet. Record carrier 18 is

provided with a label 19 comprising a lenticular sheet.

The use of lenticular sheets may be purely decorative. The use may also be for
anti-counterfeit purposes. The copying of the sheet may be made harder if the sheet is
embedded in a body. Figure 3A shows a cross-section of a structure in which a lenticular sheet

30  according tot the invention has been embedded. A lenticular sheet according to the invention is
attached to an object 21 by means of an adhesive layer 22. A reflective layer 23 in between
lenticular sheet 20 and adhesive layer 22 provides for reflection of light. The embossments of
the lenticular sheet have not been shown in the Figure for sake of clarity. The surface of

lenticular sheet 20 facing away from reflective layer 23 is covered by a transparent protective



| enticul ar sheet 20 and adhesivellayer 22 provides for reflection of Iight.

The enbosWeay23ses the lenticular gheet have not been piabséi9si he
Figure for sake of clarity. The surface of | enticul ar sheet 20 facing

away fr J LRect 3 4 : L rent profectiye

| ayer 2?@% giriéo ect \%q}jgiérdl?dg%néﬁ{éﬁg?ggmna ér g‘?%‘éﬁ/‘f’ﬂ%‘ g’fﬁé?nltg%'ﬂ ve

i ndex di thateafdhe lehticylar sheet in oider tofeflebilight onitle insarfask betwden the dfvet 4ra thef | ect
light on theyinterface hetween the sheet and_.the . | ayer. Protective
snet oasptopsRieRYe R oF TER e orbR o5 Gk evvimmomental Fffaenesscic, |
parti cul purtic@aiiadthasicalVeér add stafifigd. Ni Ng. 5 Figure 3B
shows an alternative enbodi nent of an enbedded | enticul ar sheet.

| nst dad of pr ot ectligere 38 sows 4n aliewmative embediment efan embeddyd tenfibulassheenvi ded

| enti : ' i ed flecti I 25.
Phyer eiited pf etk Otayer 24, o piiay SbAGRL BayBPHS |eFhotileh Sy iculsl el 26,
| ayer haAilaygr Béisappliedibn siftectint layeri2fe Lapdrr26ahay be b Relatively tia pestective T De
chosen nore freely.than t.hat O{“Fﬁr tective |l ayer 24. Reflective |ayer 25
may be (OTFFSBAFFL} 1457 Bayine mechulical siength. The réfragiveindexotlayen26 maybe
exhi bi t i ghdsér¥BofeBely Biin iRk bEFiofeRve 1a}RE24: KRR layer 25 rgﬁgé%, %@éﬂ@g&bgf

both layers 23 and 25 depends_ on_whether the |enticular
vi e@d itransmitting metal dasier ona dielectriclaygrexhibiting thy requited refléctance Tieodhioive ofnd

ST SS0BBcl USRI g g5 g ARG BRIl AL, SN EFE >

the desire

| ent i cul reflectionet tangmissionenlyfordoth Rdeflédtivg ahd Gahshistioa! TR cHoR& B que as 15
di scl osed_in Eurg@gan atent EP O 156 430. Layer 1, preferably nmade of a

poltymtsL,refg"t%fé( s 1s also 3’5}"“&“‘{9\”{:‘@?# "qdéefqg@WOﬁtheM@iMem.s Er esse]g
into the formo "2%% : i.ve shape o
array 4. Figure 4@21%%&?&#?% Ibg . %#ﬁge%ﬂf% ﬂ%%&%gp?agxgé ‘S&Hb%‘r’a‘s
cha{iﬁe][ ®$1Wedmﬁupﬁem@a§emﬁ;€rﬁ Bi26 430.%'}'?(111,@{&&1:31;&&_ 816 fﬁ;i’;?olyﬁxfgﬁmvégga_rh, o)
as to fqrm : exagaona cl.ose- packe -di prensi onal pattern.. The
Figure s oﬁgvéwgéacﬁgfgq‘gfIli%&”z‘_ﬁ”“%%ﬂﬁ?&@ﬁ%ﬁ&b@%’ B’P“iﬂ ¥areg. The
| acquer thenegatiee siipeiof bagy AlFighre showe¥uth #hiould$d. he mould f:gﬁgﬂ?ég'aﬂﬂo?lhhe
a

| acquer for | ayer 2 and the nould is renpved. Likew se, yer 3 1s tormed
on °hﬁ§gg‘r3 Liwith a plans botoma34 ingvhicham embessment Fiseprovided soastofsment s of

I 3. caodi th t
of i o R el OBt pked two-ch HARIHATbartoh i BN MAGw bty gL EFRG, "
al t @0natemboissediareartind sakieyof ictarity tTherlaoynet Bicapddy ieadiation Wit UWdightli Aer 25
The enbgssin 0GEesSS rTP akso onsi.st of rollin ne or nore ductile
trans pa&’@'ﬁ‘{e"g\ég’tegacq“er °¥'B§ %’é%a{‘ eBeyld F%"eﬁmg‘ii- eHIsEHaYee v At s
accor di Mgyer@ byembitdaving the Aézatlvs SHape @€ the emboskmbME ofldyar 3. "THIWB SIS NO-

3,357, 772.
together form a matched set, the embossments of which have well-defined positions. The

lenticular sheet may altemnatively be made by injection moulding or compression moulding.

25  The embossing process may.also consist of rolling one or more ductile transparent sheets
between two rollers provided with the embossments according to the invention, as disclosed
inter alia in US patent no. 3,357,772. |



CLAI Ms: A transparent sheet conprising two

| enti-cul ar @g&ﬂ%g (4 6) of differing pitch on opposi te surfaces:of:

t he sheet, 3rray conprising a serieg of enmbossnents (5PCTABISIHZ3act er -
ized in that a cross-section of the embossments of at |east one of the —
arrays (GLAIMSa pl ane per pendi cul ar to.the corresponding surface
conprises at least two discontinuities.

according to daim1, wherein the disconti mﬂmﬂﬂﬁmﬂ‘m“w (11- fz;aet

3. . Sheet according to Caim1l, £ CY 09sS-section
conprises a first line (8) havi ng aflrst radi us of curvature (R2)
and a second line (9) having a second, different radius of 10 curvature
(Rlerr]). 4, Sheet according to Claim?2, wherein the
cross-segtion con uaﬁ@a@nsmeat éﬂigprﬁdlﬁg?two 1enuc1hﬁtam9§1 (&é)'of &m@@q@h ne
and a second curyved || ne. Sheet accor I ng aim

1, wher RRosife irfacesofithesheet, ﬂquomsmqwg of erabossments (5, 7), éhmracter-
arrange %ﬁnﬁgiﬁn@rﬁ&%ﬁ%rf Ptfie em| oss n*ents%f faf least eof ﬂlesﬂ?aits €)°°°rpr‘i' ng to-

Claim1l, eet IS ma erla hav
refract |pzqmndd:alarmﬂ1ea;ones;madhg\sarfh@wmm;(r&é$ atteast tvgo dlseaftﬁmhesdl ff er ent

refr%ctive I ndex is 20 arranged on a view ng side of the sheet.
7. An object (15) conprising a transparent sheet having the

feature.of the s fsm&t a@8ording to Claifth IHéhéréinthediSechtinuities are bends (11-14).

3. Sheet according to Claim 1, wherein the cross-section comprises a first line (¢))
having a first radius of curvature (R;) and a second line (9) having a second, different radius of
10  curvature (R3).

4. Sheet according to Claim 2, wherein the cross-section comprises a straight line

between a first curved line and a second curved line.

15 5. Sheet according to Claim 1, wherein an at least partially reflective layer (23, 25)

is arranged on one of the arrays.

6. Sheet according to Claim 1, wherein the sheet is made of a material having a
first refractive index and a protective layer (24) having a second, different refractive index is

20  arranged on a viewing side of the sheet.

7. An object (15) comprising a transparent sheet having the features of the sheet as
claimed in Claim 1.

25 8. ' Object as claimed in Claim 7, wherein 2 Moiré pattern provided by the two

arrays is characteristic for a proprietor or manufacturer of the object.



25 .8, Qoj GIMIHHIIIH'I“""M! III‘II CGaim7, wherein a Mire pattern
180 a

provi.déd 'bwaﬁams arrcays 18 characteristic for a progedaiogh1Rs
manuf act urer of the object. bj ect as clained-in

D,
Claim 8, gwherein t pg. ob] : ' lect .nepber . 16, 17), and
one surface of theBf%%eggésg%%lg%taq}sgFé%??’%e?%?hee@ﬁcg%?ﬁ@nﬁﬁ aé’c‘éb-‘?f“é bepy a
| ayer of (16, 17) amkbnessuvface Gfahe transpérent et is attached to the obij8t b by 29aye? of Ne
manufact ug.e of t ransparent sheet conprising a enticul ar”array,
conpri si ﬂ‘a‘eéwﬁcgﬁ)om provided with a series of embossments in a pattern of
t he | enticular array, characterized in that the a cross-section of
t he enbossnents in a plane per pendi cul ar to the bottom conprises at
| east3 t wb0.di scont i Auneulddor use imthe manufacture of a tiabsparierst shert domgrisiag@ ai m 10,

wher ei ' i nui i dS . s . 12 A f
moul s I BcUEP SR, RS o B0l BRVided vith o serd i cophostmensi i § Befieg of the
two | ent lentibwlar @rayavhaacteiieddh that tie d @6@Ssedfion HEthe BAdbssnidntd BASHIage Of the

nmoul ds havi ng_tr]e features of the mould according to Clai'm10 or 11.
15 perendicular to the bottom corBRrisss ableastitwe disconfipuities: anspar ent sheet
conprising a lenticular array by using a nould conprising a bottom
provided with a series of enbossnents in a pattern of the | enticul ar
arral@ chhract eri zMpuldaccording tedClaine 1 Q. swhereintthodisaintinities atedsendent s i n a
pl ane per pendi cular to the bottom conprises at |east two
di scontinuities.

12. A set of moulds for use in the manufacture of a transparent sheet comprising

two lenticular array on opposite surfaces of the sheet, at least one of the moulds having the
features of the mould according to Claim 10 or 11. |

15
13. A method of manufacturing a transparent sheet comprising a lenticular array by
using a mould comprising a bottom provided with a series of embossments in a pattern of the
lenticular array, characterized in that the a cross-section of the embossments in a plane

perpendicular to the bottom comprises at least two discontinuities.



