WO 96/ 39307 PCT/ US96/ 07485 PAI RED
GPTI CALLY VARI ABLE DEVI CE W TH OPTI CALLY VARI ABLE PI GVENTS Thi s invention
relates to a paired optically variable device with paired optically

vari abl e pignments and inks, paints and foils incorporating the sane and a
met hod. Col or fwoseseswerference thin filnms is found i n nature PET/USO6O0HES h
scal es, nother of pearl, etc. Naturally occurring mca, oil slicks and soap
bubbl es all display to sone degree a | evel of iridescence. This iridescence
or change in color as the viewing angle is changed, is a direct result of
light reflecting fromparallel interfaces from10 single or nmultilayer

thin films. 1In general, the larger the refractive index difference across
the interface(s) the greater the color effect. Color results fromthe
interference of |ight. Maxi mum destructive reflective light interference

occurs when the thickness of the |layers 15 are an odd nunber of quarter
waves whereas maxi mum constructive light interference occurs when the

t hi ckness of the |ayers are an even nunber of quarter waves. Iridescent
coatimgs which are call ed nacreous pignents when broken into snal

pl atel ets are described in U S. 20 - Patent Nos. 3,087,828 and 3, 123, 490.
These nacreous pignents are conposed of single layer or nultilayers in the
optical thicknesses ranging from 10-100 nanoneters typically prepared by
vacuum deposi ti on processes. These .

PAIRED OPTICALLY VARIABLE DEVICE WITH OPTICALLY VARIABLE PIGMENTS

This invention relates to a paired optically variable
device with paired optically variable pigments and inks,
paints and foils incorporating the same and a method.

Color from interference thin films is found in nature

5 in fish scales, mother of pearl, etc. Naturally occurring
mica, o0il slicks and soap bubbles all display to some
degree a level of iridescence. This iridescence or change
in color as the viewing angle is changed, is a direct
result of light reflecting from parallel interfaces from

10 single or multilayer thin filme. In general, the larger

| the refractive index difference across the interface(s)
the greater the color effect. Color results from the
interference of 1light. Maximum destructive reflective
light interference occurs when the thickness of the layers

15 are an odd number of quarter waves whereas maximum
constructive light interference occurs when the thickness
of the layers are an even number of quarter waves.
Iridescent coatings which are called nacreous pigments

y _ when broken into small platelets are described in U.S.
20 Patent Nos. 3,087,828 and 3,123,490. These nacreous
. pigments are composed of single layer or multilayers in

the optical thicknesses ranging from 10-100 nanometers
typically prepared by vacuum deposition processes. These
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nacreous pignents are white or silvery and have very | ow col or saturation
regardl ess of the viewing orientation. Color is due mainly to sinple
Fresnel light reflection, scattering and/or absorption. Wthin nmany

applications, Sypegdosdss desirable to achieve greater color saPOTASI6NT48S
i.e., chroma, than that can be achieved with nacreous pignents. In addition
to chroma, there is a need for different col of¢™and different col er

conbi nati ons whi ch can be enerate b S

There is 10 a par AEHE? né’é’&’“FBg é’é% ‘I'Iﬂgtﬁ?ltoéllf %H%?&o% orspaf _rigt‘}s
anti-counterfeitingcaler catuation wadgarddesehof Ihe i CGaWings. °rll1?"§€ﬁéP&I',
vari able devi ce and Teanag an L LRl BoL et OBl LeaL e A e

i nd et ho i r

pi gments to achi eve (fﬁaftf SR &S 5 bk Qr?ggﬁé?iéﬁ Oﬁv\#ﬁﬁ& c%an edpt?%ﬁ%atl A

i nks, paints an® foiits isAﬁGFhIé?bb%erR:tacBﬁ-‘Yﬁeg?%ﬁ COIOF SRR TAARYe e.,

pai red optically Vardniddn ,detage thad o®@h sl dchidvieahwith Récreqes pdgments.

i gnments h .
Pty ave the Sa& Séléiot Q__ne ca}{':%m% af]&lé}ae\/ e:Ls a need for different
‘ colors and different color combinations which can be
generated by using optically variable pigments. There is

i0 a .particular need for such a multitude of colors for
numerous anti-counterfeiting applications as well as other
applications.

In general, it is an object of the present invention
to provide a paired optically variable device and method

15 utilizing paired optically variable pigments to achieve
_different color combinations which can be utilized in
inks, paints and foils.

Another object of the invention is to provide a
paired optically variable device and method in which the

20 paired pigments have the same color at one angle and have
different colors at all other angles.

Another object of the invention is to provide a
paired optical variable device and method of the above
character in which the pigments have high chroma.

25 Another object of the invention is to provide a
paired device and method of the above character in which
additives can be provided to achieve substantially
identical colors of the pairéd pigments at the one angle.

Another object of the invention is to provide a

30 . paired optical variable device -and method of the above
.character which can be readily incorporated into printing
inks. -

Another object of the invention is to provide a
paired optically variable device and method of the above

35 character which can be readily incorporated into paints.



different colors at all other angles. Another object of the inventionis to
provide a paired optical variable device and method of the above character
in which the pignents have high chroma. 25 Anot her object of the
invention is to provide a paired-device and nmethod of the above character
in which additiwe96a907 be provi ded to achi eve substantial ly i dRGH/PEH{07485
colors of the paired pigments at the one angl e.3.Another object of the

i nvention is to provide a 30 pai red optical variable device and -met hod of

ot hor e he o ) RS gt yobn e olnvadiod st ) et =
devi ce and net hod ofpatj’rﬁgdatﬂﬁré'%iy Xﬁgéaﬁigsd%gglﬁr%’gﬂoﬁéit?%ﬁho‘lyﬁ ;ﬁ{é Wi
i ncor porated into palmcter Wbieh/ ees8(pPe readily incorporated into foils.
PO L0780 5, 0ttt St otorpbapne
readi |y i ncor pofat e PR Y oaﬁgcﬁﬁot‘%ferggﬁj e%o‘g% C?ﬁégg'%géﬁw&?%hgag%ge be
provide paired 5 dpcorpomheddn polymeribofdlusar gastr fidms ard eperuded
' and molded parts.
Another object of the invention is to provide paired
optically variable devices of the above character that are
10 not bleached by ultraviolet light.

Another object of the invention is to provide paired
optically variable devices wvhich can be paired with other
paired optically variable devices.

Another object of the invention is to provide paired

15 optical variable devices which can be utilized with non-
shifting interference pigments.

Another object of the invention is to provide paired
optically variable pigments which can have symbols
incorporated therein which only become visible at a

20 predetermined angle.

additional objects and features of the invention will
appear from the following description as set forth in
conjunction with the accompanying drawings.

Figure 1 is a plan view of a paired optically

25 variable device incorporating paired optically variable
pigments incorporating the present invention.

Figure 2 is a cross-sectional view taken along the
line 2-2 of Figure 1.

Figure 3 is a graphical representation of the

30 examples shown in Tables I, II and III and showing the
matching of colors of paired designs at 10° under
Illuminant A.
. Figure 4 is a graphical representation similar to
that shown in Figure 3 but showing ' the divergence of
. 35 colors of paired designs at 45° under Illuminant A.



i ncorporated in polyneric films, cast filnms and extruded and nol ded parts.
Anot her object of the invention is to provide paired optically variable
devi ces of the above character that are 10 not bl eached by ultraviol et

| ight. Another object of the invention is to provide paired optically

vari abl e devi ceogsoson can be paired with other paired opti caPFYU§%MO7485] e
devi ces. Another object of the invention is tgprovide paired 15 opti cal
vari abl e devices which can be utilized with non- shifting interference

pi grreglt s. Anot her %j eﬁtpgjui-éle g N\ieNt aOngtaphicyl oveparesantatiiopt i ctil [the
variabl e pignents e Y ol atgd r nl
become visible at a®30F f%lér'e}q}"g'r m %d g#:{w Eg(ril t?on%&oglgctggbgbﬁg the
features of the invéhvexgense | ofmelersf ﬁ&nﬂpheu!‘%?lfow- Hpinand Pot i on as set

forth in conjunction w ti" éﬁh?eacatorﬂ@nw ngr ShRyedIns rdﬁr@#eﬁt&tnana ot arthe
view of a paired optical| par. at Y red

abl ce 1,NC,
optically vari aBl e B¥ g ﬁﬂ:o?%%i 't h BP&se |aﬁ\/e °¥Fﬂgr eﬂf
I S a cross-secti onamaytking abf ncalaxsy dfnpah.reé Qegigiis Ainflere Ijlluﬁliganb B.is

a graphical representatipf gfethe 3@ 2XgPRbRfcS] OWepresbitatioh. &f Atk
|11 and showi ng theexamples shown in Tables VII, VIII and IX showing the
matching of colors of paired_ designs at 10° under

10 Illuminant C. '

Figure 8 is a graphical representation of the
examples shown in Tables VII through IX showing divergence
of colors of paired designs at 45° under Illuminant C.

Figure 9 is a graphical representation of the

15 examples shown in Tables X, XI. and XII showing divergence
of colors of paired designs at 10° under Illuminant C.

Figure 10 is a graphical representation of the
examples shown in Tables X, XI and XII showing the
matching of colors of paired designs at 45° under

20 Illuminant C.

Figure 11 is a graphical representation of the
examples shown in Tables XIII, XIV and XV showing the
matching of colors of paired designs at 10° under
Illuminant F. _

25 Figure 12 is a graphicai representation of the
examples in Tables XIII-XV showing divergence of colors of
paired designs at 45° under Illuminant F.

Figure 13 is a graphical representation of the
examples shown in Tables XVI-XVIII showing divergence of

30 .colors of paired designs at 10° under Illuminant F.

Figure 14 is a graphical representation of the
examples in Tables XVI-XVIII showing the matching of
colors of paired designs at 45° under Illuminant F.

"Figure 15 is a cross-sectional view of a paired

35 optically variable device incorporating the present
invention wutilizing a symmetric metal dielectric
interference stack.



mat chi ng of colors of paired designs at 10[err] under Illum nant A Figure
4-is a graphical representation simlar to that shown in Figure 3 but
showi ng the di vergence of 35 col ors of paired designs at 450 under

11 um nant A WO 96/ 39307

PCT/ US96/ 07485 WQ968fUre 5 is a graphical representati on PEIUSI6/H48S
exanpl es shown in Tables IV, V and VI show ng tfie di vergence of colors at
10 under Illumnant A Figure 6 is a graphical representation of the 5

exanples in Tables 1V, ‘igugeVl1at i45 shevosg-sbetidithi Riedl P! ar Spirea

bF the exampl os. shodPTiFELEY ovagiabidl| Belbiks Sndhlie' o | ERLPRIL ISR

colors of paired desiypmetaicad én&erfgnencelnmlhant C. Figure 8is a

graphi cal representation giguiriae fq(argg eqa SPoMR ivielabbes &/ lpalik ough pairea

show ng di vergence of .col rs of des at, 45[err]  under JI | um nant

C. Figure 9 is & gr fpFisa epP’@gé‘ﬁ%’;ﬁ oﬁe‘égc‘?"h "fﬁ’g é'%&ﬁﬁgestgﬁovi’?ﬁ?nt

Tables X, XI and Xl |nwmm diamd gentdlizing paired optically variable
’ pigments.

Figure 18 is a plan view of a paired optically
variable device incorporating the present invention in

10 which a symbel is incofporated therein and is not visible
to the human eye at a predetermined angle of incidence.

Figure 19 is a plan view similar to Figure 18 but
viewed at a different angle of incidence which makes
visible the "SICPA" symbol incorporated in the paired

15 optically variable device.

Figure 20 is a cross-sectional view taken along the
line 20-20 in Figure 19.

Figure 21 is a plan view of a paired optically
variable device incorporated into dot matrix foils with a

20 symbol incorporated therein and having an angle of
incidence in which the symbol is invisible.

Figure 22 is a view similar to Figure 21 with a
different angle of incidence so that the symbol
incorporated therein is visible. _

25 Figure 23 is a cross-sectional view taken along the
line 23-23 of Figure 22.

In general, the optically variable device of the
present invention is for use or viewing under incident
light and is comprised of a substrate having first and

30 second surfaces. First and second optical devices are
carried by the first surface of the substrate in first and
second spaced apart portions on the first surface to

. permit viewing at the same time by a human eye. A first
_ optically variable pigment is disposed in the first
. 35 optical device and a second optical pigment is disposed in

the second device. The first and second optical devices
have substantially the same color at one angle of



of colors of paired designs at 10 under Illumnant C. Figure 10 is a

gr aphi cal representation of the exanples shown in Tables X, Xl and Xl

showi ng the matching of colors of paired designs at 45 err] under 20
[llumnant C. Figure 11 is a graphical representation of the exanples shown
in Tables X I WO®6B920%d XV showi ng the matching of colors of [FATASICRREE gns
at 10 under Illumnant F. 25 Figure 12 ¢ds a graphical
representation of the exanples in Tables Xl 1| -XV show ng di vergence of
colors of paired desiiaeticetShid r boveder dilfiferenanttriom Fée@l cofiBer Sat all

gr aphi cal represent atd f a wn in Tables XVI-XVIII show ng
di vergence of 30 col o r}% p#é@:s §§dggkgéeﬁg 108 under |llumnant F. Fi q_—hre

14 is a graphical represéﬁmﬁ i &n (ﬂarftliﬁuéﬂﬁnm%s shewpapine sFia@preyy | of
showi ng the mat chi ngadwiGRjs) schd o@%‘ﬂ:ﬁdlﬁ‘eﬂlgﬁlibﬂé dévidd |11ndlisists of a

e o T Btaot e LEV4S e, BbhE npoe o and
utilizing a synnetalseccmﬂ abr bwshrecunfadentldr fasy sshewnstiacFigure 2. The
substrate 12 can be flexible or rigid and can be formed of
any- suitable material such as pa;ier, plastic, cardboaraqd,
metal and the like. The substrate 12 can be opagque or

10 transparent. Paired obtically variable pigments 16 in a
polymeric binder are disposed on one of the surfaces as
for example on the first or top surface 13 as shown in
Figure 2 so that they are not superposed but are lying in
spaces which are physically separated from each other on

15 the plane of the surface 13. . When the optically variable
device is viewed the paired optically variable pigments 16 '
can be viewed simultaneously.

Thus as shown in Figqure 1, the device 11 has paired
optically variable pigments 16 provided in a first

20 optically variable device or pattern 17 and also in a
second optically variable _device or pattern 18. The first
"and second patterns 17 and 18 do not overlap and are
spaced apart but are disposed adjacent to each other and
as shown in Figure 2 in an abutting relationship. The

25 first pattern 17 is in the form of a rectangle or square
and is disposed within a recess 19 formed by the second
pattern 18 also being in the form of a rectangle or square
to form a border or frame that surrounds the first
pattern 17.

30 The first optically variable device 17 or the first
pattern 17 is provided with a first pigment formed of
optidally variable flakes 21 constructed in the manner
hereinbefore described to provide a first color shift with
angle. The second optically variable device or second

35 pattern 18 is provided with a second pigment formed of
optically variable flakes 22 also constructed in the
manner hereinafter described and providing a second color
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Figure 16 is a cross-sectional view of a paired optically variable device
having an all dielectric symetrical interference stack. Figure 17 is a
plan view of a pair of paired 5 optically variable devices
Imcorporating woesssgeresent invention and wutilizing paired PQIHSICBIEEY
variable pignments. Figure 18 is a plan view of_7a_ paired optically variable
devi ce incorporating the present invention in 10 which a synbol -is

i ncor porated therei bl
angle of 1 nci dence. Qﬂﬁ ng1e.bl ast ahbliR RHMRAgAYE 9; ahelg @:warnesi

viewed at a di ffererﬂn‘g%?ee&’ﬁ? ah%PS%‘F@evﬁﬁﬂ& ‘%*z rf{‘ﬁo% :?%";f%e “dﬁﬁ 23

symbol incorporated and t2¢ pespedtivelyopfi salcopveatiobad #yvecso Rihal et
IS a cross-sectional oyl iy ?é%ﬁa@i& hEG;J:éé‘erﬁ(kr?cﬂ 18" candHafelthe Fdéwiﬂad

21 is.a plan vi ew of" apalr optlcal vari abl e device,i corp ated i
dot matrix foilsBw t¥har . REOFEFBF‘H 8dt tﬁ@r?—z 1§ng£ﬁa§?ﬁ
angl e of incidence pfbdn&utchat benvymbbbna's inkvivehbtte i% gubridiZad whareaevnf

simlar to Figure 21, W'pggn@ did FeiENheB8IPLE Blohltdenfepgint NGbnibe SWEPA
suitable type is utilized.

In the first and second pigments or flakes 21 and 22
10 utilized, it is importént that the two pigments have the
same color at one angle of incidence of light and have
different colors at all other angles of incidence of
light. Thus by way of example, the pigments 21 and 22 can
be constructed so that at a 10° angle of incidence of
15 light, the two pigments have the same color but at any
other higher angle of incidence the two optically variable
pigments 21 and 22 will have different colors which for
example at 45° are markedly different. Conversely, the

pigments 21 and 22 could be constructed so that they have
20 the same color at a different angle as for example an

angle of 45° but have different colors at all other angles

of incidence. However, it should be understood that other

color matches can be found from 0°=-90°. Thus by way of

exanple with the device 11 shown in Figure 1, the pigments

25 21 and 22 at an angle of incidence of about 10° would have
the same color or a matched color, as for example, green

an another color, magenta at another angle of about 45°

for the first device 17 and the color blue for the second

device 18. Thus, it can be seen there is a dramatic color

. 30 shift differential when shifting from 10° to 45° the angle

of incidence of the 'pairéd optically variable device 11.

In one embodiment of the invention as shown in Figure

. 1, the inner first optically variable device (OVD) 17 had
the following characteristics with respect to the outer or

> 35 second optically variable device (OVD) 18.

OUTER OVD 18 INNER OVD 17



i ncorporated therein is visible. 25 Figure 23 is a cross-sectional

W ew taken along the line 23-23 of Figure 22. In general, the optically
variabl e device of the present invention is for use or view ng under
incident light and is conprised of a substrate having first and 30 second
sur f aces. Fi rch ogaiagorsecond optical devices are carried by tRETASIEAT485
surface of the substrate in first and second spaced apart portions on the
first surface to permt view ng at the sane tTﬁE by a human eye. -A first
optically variable pignment isydispagedsn the first 3 opfa.gel device and
a second optical pignment is dPﬁposed I n the second devjce. The first and
second optical devices have s¥bst am4 43 y the sane cofor atlgo'%@ angl e of
WO 96/ 39307 »* -11.48 PCTHUSOG+507.286 - 6-

inci dence and colors different fromeach other at all other angles of

i ncidence. More in particular_as shQwn in Figure 1 of the draw ngs, the
optically variabl e devi cEhelacand &t sused ;alsove Axstyaac imw ‘-‘ﬁF‘B?FHéE“vW%'-T'P

];:: 53'; eagfj u_;l)_ﬁgr Ssurga%cl_ﬁniggdas%ﬁﬁﬁaf'd Okol&M¥espadé f apstd, asIshene® &blor
space system, the colors are plotted in a plane of the
CIELAB-system in which a° represents red and green and b’
represents yellow and blue. The lightness of the color is
on an axis at right angles to the plane going from black

10 or L' = 0 to white where L' = 100. Thus the color would be
grey in the center of the plane with the chroma increasing
from the center toward the outer perimeter of the plane.
The extreme edge of the plane defines the highest chroma.
For example, a red light emitting laser would have high-

15 chroma. Between the center and edge, there are various
gradations of the red as for example, a pink. Thus, there
are planes of these colors which move up and down the L
axis or the lightness value axis. For every illuminant-
observer combination of the tristimulus value, the color

20 coordinates can be readily calculated and also can be
measured. It is well known to those skilled in the art of
color, that any pigment or any color can have a different
appearance depending upon the illuminant. For example a
color under fluorescent light may be quite different from

25 the color under sunlight or under a tungsten lamp. In
accordance with the present invention, it is important
that the matched colors of the p'igments 21 and 22 at a
certain angle be compared under the same illuminant. Thus
a pigment may be irradiated with a predetermined amount of

30 energy across the wavelength to provide a graph of pbwer
versus wavelength. The guantity of light or energy
impinging or striking the pigment at a given wavelength
will influence the reflectance curve. The spectral power
distribution from the light source is integrated with the

35 eye response function typically designated as X, ¥ and 2z



substrate 12 can be flexible or rigid and can be forned of any suitable

mat eri al such as paper, plastic, cardboard, netal and the |like. The
substrate 12 can be opaque or 10 transparent. Paired optically variable
pigments 16 in a polyneric binder are di sposed on one of the surfaces as f
or exanpl e on Wo9&39803t or top surface 13 as shown in Fi gure PCIFISOHBM8Y hey
are not superposed but are lying in spaces whigh are physically separated
from each other on 15 the plane of the surface 13. Wen the optically

variabl e device is yngWoghd Ngeptbéesndd! ispabyumarticiby feldi gienttr ikt imanvse

vi ewed sinmul t aneously. Thug ag sh‘g\\ll\g in Figure 1, the device 11 has paired

optically variable b?lladﬁ'\?ﬁ‘t r1 ﬁ’ Hed in a first 20 optically variable

device or pattern 17 andIal sonhecticrcoith dilie pxesgnbainventiopyithe d . a,

pattern 18. The firgp %@O%M leae 1% aBdal8olgeset i1 SER@PLIRAshtROR
0S&

spaced apart but are disp adj acent, tQ _each qt her, and Sshown .in Figure
2 in an abuttin§ relS3CEn IS, S?Jﬁg'e% is f'hr%tm‘ﬁg:t t‘g}"‘rf%f?' iaé'ﬁnr?afhemf o?%%
a rectangl e or squakmownd ts dateoand vig hgeneraklyssctépted nworl@wide for

second pattern 18 al i Lo th s Of r I e f
border or frane thatpi'%ﬁ;r%'?gggd{slg?he |%’ﬁ§aﬁgrﬂ1%.{w§%ﬂ& éﬁgé%’heh?eirés?{lr&a

optically variabl e &fviaw ppticalpy variable:device ©°3n bg Sfharartgyized by
first pigment formedndf three tristimulus values, X, Y and 2. These

10 tristimulus values take into account the spectral
distribution of the light source, the reflectance of the
optically variable pigment and the spectral sensitivity to
the human eye. It is from these X, Y and Z values that
the L', a*, b’ coordinates are calculated as are the related

15 values of L' (lightness), ¢° (chroma), h (hue) and
associated color differences i.e. delta L°, delta C" and
delta h. The appropriate color formulae are listed below.

L' = 116 (Y/Y,)!?-16 Formula 1
a® = 500 [(X/X,)"~(¥/Y,)"*) Formula 2
20 b" = 200 [(¥/Y,)"=~(2/Z,)"*] Formula 3
C* = (a*™Mb*?)12 Formula 4
h = arctan (b‘/a’) ' Formula S5

Where X,, Y., or 2, are tristimulus values for an ideal
white diffuser and the illuminant-observer combination.

25 The designs for the paired optically variable

pigments are selected so that in the a' b’ diagrams of the

same there are crossover points at which the optically

variable pigments will have the same hue and chroma. The

manner in which these colors of the optically variable

30 pigments change with angle is dependent upon the ambient

lighting conditions. Thus in connection with the present

invention, three different types of illumination are

considered. Illuminant A represents illumination from an

- incandescent (tungsten) light at a temperature of 2856°

35 Kelvin. Illuminant C represents average sunlight with a



optically variable flakes 21 constructed in the manner herei nbefore
described to provide a first color shift with angle. The second optically
vari abl e device or second 35 pattern 18 is provided with a second pi gnent
formed of optically variable flakes 22 al so constructed in the nanner

her ei naft er desvwoé@sdo7and provi ding a second col or WO 96/ 3F§FS6/07485
PCt/ US96/ 07485 -7- shift with angle. As shown_hg.Figure 2, the pignents 21
and 22 are disposed of in solidified liquid vehicles 23 and 24 respectively
of a conventional tygs-sadtl tés1apt i tahperatirabl ofdes7res 1XKedwdnl8 amh

have the desired 5 aracteristicsg, a | f L Nk_i s ;
resul ting product, éiﬁ%ﬂ'ﬁbn? iﬁﬁpﬁg%%% Fyﬁ?{h igg%ﬁvmgr eaésotb?Tt awh:.t:
paint is the desiredfpaarkstenta gaunee \athiz| eorxrelatad (epliar (Yamperature o
utilized. In the firgjoendgepeind PIREBE! Ehpée f k 2k@Rinkhtd had IBeen chosen

angl e of i no thrLZ"Sééq?é%éﬁitaénhivééﬁr%%v”ﬁRiie%?é‘fnetsﬁf ZPRgRne Fort oot
of incidence of |ighiildibisationmagoni bokimplimteriorpi amkenexteriond ighbing
be constructed so th@énﬂtfoﬂé’. angl e of incidence of
In Tables I to VI below and in the drawings in
Figures 3-6 there are shown representative samples of
10 designs which are poss'ihle under illuminant A. Thus for
example in Table I, there are shown ten examples of paired
optically variable pigments. Selecting Example 1 in Table
I, Design 1 has a thin film interference stack of two
quarter waves at the 620 nanometers and for Design 2 four
15 quarter waves at 587 nanometers. For Design 1 and Design
2 'in this example, the color 'is almost the same at 10°
viewing orientation.

TABLE 1
PAIRED OPTICALLY VARIABLE PIGMENTS
20 ILLUMINANT A AT 10°
Example Des 1 Desiqgn 2
1) 2 gw @ 620nm and 4 qw @ 587nm
2) 2 gqw @ 691lmm » 4 gw € 593nm
3) 3 gw @ 697nm " 5 qw @ 649nm
25 4) 2 qw @ 530nm " S qw @ 671nm
5) 2 gw € 478nm " 6 gw @ 674nm
6) 3 qw @ 498nm " 6 qw @ 589mm
7) 3 gqw @ 653nm " 5 gw @ 595nm
B) 3 gw @ 506mm " 6 qw @ 642nm
30 9) 2 qw €@ 420mm . 5 qw @ 577nm
10) 3 gw @ 534nm » 4 gw @ 688nm

Table II set forth below shows the calculated color

values of L°, a", b°, h and C’ for each pair in the Example

1-10 consisting of Design 1 and Design 2. Example 1 at

35 10°, of the pair of optical variable pigments has an L
value of 77.85 and Design 2 has an L’ value of 79.76. With

the angle shifted to 45°, Design 1 has an 1’ value of 91.89

and Design 2 has an L' value of 76.77. In addition, Table



15 light, the two pignents have the sane col or but at any other higher
angl e of incidence the two optically variable pignents 21 and 22 will have
different colors which for exanple at 45 are narkedly different.
Conversely, the pignments 21 and 22 could be constructed so that they have
20 the same MNOWRW a different angle as for exanple an andCEUSIS/T4fSer 1]
but have different colors at all other angles_.pf..incidence. However, it
shoul d be understood that other color matches can be found from

Oferr]-90[err]. Thugibynemms Q;heeballﬁix&a’ﬁéahcbi]@r dpatafetdrs v the degigns
1, the pignments 25 21 and b;a n angl e of incidence of about 10[err]
woul d have t he. sane SPEM8r 18 TaPh&t Ehed col or, as for exanple, green an

anot her col or, magenta at another angle of TBBWE ELH[err] for the first
device 17 and the color blue for cobsr yaTuRsCroRcEXAMPLES INTINBSE Tt can be seen

there is a dramgfi ia?ip_r 30 shif- diffgrentigl whery shigting bagm
10[err] to 45 the angle of OdCI dencﬁsgf t paléze&hopél aI varl abl e
device 11. In one erbodtnen? BF t hd’PRvention as own in ure 1, the

inner first optically vari a'éldeo -devi®389 (ovDl-eh7 IPaAF t 2180 ?sb
characteristics with regpeciodeg thgosgat er 2984 3563.08s e Cidhs oﬁﬁ-‘l&:al bpsvari abl e

device (OVD) 18. CQUTER VD 4k8ieq. 7677  -62.08\ER&ID 16818 6479
10 2) a 10deg. 5853  36.17 53.01 5563 64.17
a, 45deg.  83.1 2344 5506 66.94 59.84
b, 10deg. 78.03 3582 653.9 56.39 6472 0.7
b, 45deg.  78.68 -58.41 26.6 155.51 64.18
3) s 10deg.  81.33 -52.1  43.3 140.27 67.74
15 a, 4Bdeg. 4972 -3043 -66.53 245.42 73.16
b, 10deg.  75.85 -52.49 44.06 139.99 6853  0.28
b, 45deg.  48.94 9.95 -53.89 28046 54.8
4 a, 10deg.  92.04 -16.83 27.36 12006 31.61
a, 45deg.  78.01 -30.76 -24.94 219.04 39.6
20 b, 10deg. 77.84 -16.65 27.6 11956 31.72 049
b, 45deg.  53.19 -3535 -33.02 223.06 48.37
5] a 10deg.  87.69 -28.3 4 17196 28.58
a, 45deg. 6876 -25.8 -43.28 239.2 50.39
b, 10deg. 5853 -29.83 4.4 17161 30.15 0.35
25 ‘b, 45deg. 755 27.99 -0.06 359.91 27.99
6) a 10deg. 4424 3716 -4.47 353.15 37.43
a, 45deg. 71.36 31.84 564  60.556 64.77
b, 10deg.  73.84  37.82 -5.69 351.39 38.05 1.76
b, 45deg. 6535 -78.45 15.06 169.13 79.88
30 7) a 10deg.  68.32 -71.62 -11.06 188.78 72.46
a, 45deg. 3955  13.83 -79.77 279.84 80.96
b, 10deg. 5719 -71.73 -11.66 189.16 72.66 -0.38
b, 45deg.  60.07 57.93 -31.07 331.79 66.73
8) a  10deg. 41.61  387.4 -19.16 332.89 42.02
35 a, 45deg.  68.68 3258 ©55.37 59.53 64.24
b, 10deg.  57.74 3871 -18.47 33449 4289 -1.6
b, 45deg.  77.91  -21.93 29.77 126.39 36.97
. 9) a 10deg.  70.53 -28.52 -41.34 236.4 50.22
a, 45deg.  51.31 -12.96 -53.61 256.41 55.15
40 b, 10deg.  49.98 -30.65 407 233.02 50.85 238
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54.91 L* 42.69 a -32.45 a* 19. 29 b*
-11.48 b* -51. 25 The a* and b* used above are used in
connection with 5 a recogni zed standard col or space system _In the color
space system (WR9@IBBrs are plotted in a plane of the C ELABPSFASHY78P
which a represents red and green and b represegbs yell ow and bl ue. The

|l i ght ness of the color is on an axis at right angles to the plane -going
fromblack 10 or L* =b) te5udite &WASr ¢ (641 10B1° PAE8 t Ae1% 0l or woul d be
grey in the center ofgthe phesg. W tisdshe @bisenaes.nzr @asing7s.i®m the center

toward the outer perineter Q%S‘%"he PiSE- Egﬂsexhﬁ.ﬁﬂf gslge g6.14 he pl ane
ge

defines the highest chr ofra. exanple, a red | it | aser. woul d
have high 15 chroma. bBet 12888 t he*dRont eP“:?ﬂd.'séfg ,ZS%Ierzy'g?e 3’61 i ous

gradations of th® red aw,fonsdeganpl ¥.4% pidai42 THES7 t PbB® &8.86 p| anes of
t hese col ors which nove up and down the L* axis or the |lightness val ue

axis. For every illum ngpt- Vale. lLpationaef Lthesiti st iyl
the color 20 ~coordinates c‘%?f e ﬁ'@fggg%&ga%guﬁgt e&r&gﬁﬁﬁgl %%&i(%né%eﬂﬁfeas
neasured. It is wel | thabwiox ; 45Ss¥ieking angle €pr gach Axample istpak £oKLh

pi gment or any col or neggwhaneTapdef L€t ent TREPESEADCEOTOP AL feretitan dékta E
"1 umi nant. For exameIA%) abetween the colors of the paired optically variable
10 pigments are calculated from L', a’, and b’ using Formula 6:

AE' = [(AL")? + (Aa")? + (Ab"))"2 Formula 6

TABLE III

TOTAL .COLOR DIFFERENCE (DELTA E) FOR

EXAMPLES IN TABLE I

15 Pair Total Color Difference (Delta E)
Des. Pair
Example 10 Deg. 45 Deg.
1 " 1.92 65.45
2 19.52 88.77
20 3 5.55 : 42.32
4 14.20 26.50
5 29.20 69.34
6 29.63 117.94
7 11.14 68.83
25 8 16.20 60.93
9 20.67 86.04
10 11.52 18.50

Design pairs are from the 10 degree designs. .
Note: The 45° data shows the calor difference at 45° for the 10 degree color pairs.

30 Thus the lower the AE value, .the closer the éolors
match. AE includes not only hue and color . saturation but
the brightness of the paired optically variable pigments
as well. '

Figures 3 and 4 of the drawings are graphical

35 representations of what has been presented in Tables I,
II', and III. Figure 3 shows how closely the colors are



col or under fluorescent light may be quite different from 25 t he col or
under sunlight or under a tungsten lanp. In accordance with the present
invention, it is inportant that the matched colors of the pignments 21 and
22 at a certain angle be conpared under the sanme illumnant. Thus a pignent
may be irradi ¥OA6RIWR a predeterm ned anount of 30  energy 59T’U§%"°9

wavel ength to provide a graph of power versus_jsavel ength. The quantity of
l'ight or energy inpinging or striking the pignment at a given wavel-ength
wi I'l influence the petbretiaRfichGeraed Siwompefdy athep carampdiest wIfb drhico pafirerh

the light source is,in rajed it 3 : f ' ;

typi cally designat egeg_ésﬁgr%?, %r??igﬁ% ?%?Jffyﬁly %13%83%'%%%5 in the
PCT/ US96/ 07485 and afe celptcerpee. spEEPMURLEBTS 8| &t Aant PPsERRE FRaFalthes
X, Y and Z. In conngglign Wreh ofe BNgoet! iideasicad, tbkors, at, khe 10°

System s the nBe: GRAPBERELPPRealoFRVaEr oPheRnbin PaLRS ard fiftkd Bo 450,
accept ed worl dwi de the prwat idesignse offheachi reekrr CPELAB ansl opaspacet the
col or -of any opti Cakk&gx(dﬁ&lsahh%edﬁﬁéfy caisPer i SSicY igkopeltiehe whiikheds
tristimulus val ues, , ., Y. apd _Z Tease . . .
what' is desired in accordance with the present invention.
Thus there have been provided ten examples of paired
10 optically variable pigments. Each have essentially no hue
and chroma difference at 10° but at 45° have widely
divergent hue and chroma contrasts. In the graphs in
Figure 3 and 4, the paired designs are identified in
accordance with Tables I, II and III. Thus Example 1 with
15 design 1 is labeled "1-1" and Example 1 with design 2 is
labeled "1-2", '

In Tables IV, V and VI below there are set forth eight
examples of paired designs for paired optically variable
pigments in accordance with the present invention in which

20 the converse of that obtained in the ten examples in
Tables I, II and III has been given in which color
differences are minimized at 45° and color changes occur
at a shifted angle, as for example at 10°.

) TABLE IV
25 PAIRED OPTICALLY VARIABLE PIGMENTS
ILLUMINANT "A" AT 45°

Example Design 1 Design 2
1) 3 qw @ 480nm and 4 qw @ 679nm
2) 3 qw @ 520nm - 4 qw @ 684nm
30 3) 4 qw @ 604nm - 6 gw @ 6256nm
4) 2 qw @ 589nm » 6 qw @ 646nm
5) 3 qw @ 576nm . 6.qw @ 678nm
6) 4 qw @ 568nm " 5 qw @ 690nm
7 2 qw @ 491nm - 5 qw @ 668nm
35 8) 3 qw @ 618nm o 6 qw @ 637nm



10 tristinmulus values take into account the spectral distribution
of the Iight source, the reflectance of the optically variable pignment and
the spectral sensitivity to the hunman eye. It is fromthese X, Y and Z

val ues that the L*, a*, b* coordinates are calculated as are the related 15
val ues of L* wobémshemess), C* (chroma), h (hue) and asREITURIEHT48DI or
differences i.e. delta L* delta C* and delta h,,The appropriate coI or
formul ae are listed below. L*= 116 (Y/Y[err]) Jerr]-16

Formula 1 a* 500 [(X/ X[err])[err]-(Y/Y[err oapte ¥ Forrrula 2 20
b* = 200 [(Y/Y[err])[err]-(Z/Z[err])[err]] Formula 3 C =
(a*[err]+b*[err])[err] COLOR VALUES [FOR rR¥RMPLES hIN-TRELEt Bh ( b*/ a*)
Formula 5 Where X[err], Y[err], or Zerr] are tristinmulus values for an

i deal white diffuser, the illummant - oserveg: combipnat i@n. 25pgns Kt The
designs for the d  1@Rk4.Ccal By.s2 var s e Piprerssssars.szel ected so

that in the a* I di agianusmﬁgthemaﬁre t 29 B6F7Cr G2PBVeA3.780i nts at which
the optically variable gl gri@rdes wi BT-7havedd-he HHRS MPS4ANT?SSr onm. _The
manner in which these cbl orA8 %4 t h&BHti c&¥18 \Fjrqsablséséo 64.43; gniQrﬂzs change

with angle is dependgnt_ upop dhie agpeent 8§ Hht L43gsCONGizki Gz Thus in
connection with the pr e§ent45|dayent epn, thgzey didifser ey iy massof
illumnation an® consi der echo ded.| unkBdnt A40.450r eBSeRBt S3026] U rAGAL | og from an

i ncandescent (tungsten)bl i qt§tdemt a78-Bnper 83-Bf e BIF522853.08 61.37

3 a 10 deg. 74.39 45.24 34.56 37.38 §56.83

a, 45 deg. 81.34 -49.76 40.03 141.19 63.86

15 b, 10 deg. 62.14 56.864 -23.07 337.48 60.24
b, 45 deg. 76.13 -49.57 4076 140.57 64.17 0.62

4 a3, 10 deg- 86.13 21.38 58.48 6991 62.27

a, 45 dep. 91.67 -15.3 25.98 120.49 30.15

20 b, 10 deg. 57.13 32,12 -16.24 333.18 35.99
b, 45 deg. 78.01 -16.16 .26.14 120.11. 30.22 0.38

5 s, 10 deg. 38.07 2,39 -86.75 271.568 86.78
a, 45 deg. 46.99 33.03 -4.13 352.87 33.29
25 b, 10 deg. 59.37 -38.13 6.68 170.2 38.7
b, 45 deg. 74.75 32.92 -3.34 354.2 33.09 -1.33
6) a, 10 deg. 83.74 745 79.7 84.66 80.04
a, - 45 dep. 69.8 -66.9 -7.77 186.62 67.36
30 b, 10 deg. 76.72 15.34 8.92 30.18 17.74

b, 45 deg. 59.47 -66.82 -7.71 186.59 67.26 0.03

7] " a, 10 deg. 89.99 -24.07 14.12 149.61 27.9
8, 45 deg. 7265. -28.4  -36.69 232.19 46.31
35 b, 10deg. . 77.78 -20.8 30.47 124.32 36.89
b, 45 deg. 52.36 -29.21 -36.58 231.39 46.81 0.8

8) s 10 deg. 53.77 -62.94 -55.48 226.34 76.69

a, 45dep. 39.14 30.35 -58.22 29753 65.65

40 b, 10 deg. 73.21 -69.63 44.19 147.56 82.38
b, 45 deg. 48.88 30.35 -58.63 297.37 66.02 0.16

Delta h is calculated between the "a" and "b" pair at 45° incidence.



35 Kelvin. [Illumnant C represents average sunlight with a WO

96/ 39307 PCT/ US96/ 07485 - 10-
correlated color tenperature of 6770[err] Kelvin and Illumnant F
represents light froma cool white fluorescent source at a correl ated col or
t‘enperature of wO26B9367r] Kel vin. These three illuni nants havBCHES0485sen
5 because they represent the nost conugg- forns of illum nation for
both interior and exterior lighting conditions. In Tables I to VI -bel ow and
in the drawings in Figures 3-6 there are shaBnervfgresentati ve sanples of 10
desi gns which are possible under illumnant A. Thus for exanple in Table
|, there are shown ten exanpl es offoFHi FEPROPAFFERENCE (RRELTAZH e pi gnents.
Selecting Exanple 1 in Table |, DesigaglkxiasrL=a hhirRads ke i nterference stack
of two quarter waves at the 620 nanoneters and for Design 2 four 15

gquarter waves at 587 nanoneters. For Design 1 and Design,2 in this

exanple, the cqglor is alnost the saﬁﬁ"afa%[eg_ﬁne\éi_ ew ng Qii&g'g ation. TABLE
| PAI RED OPTI LY VARI ABLE Pl GVENTS

1 80.64 2.52
2 22.06 14.50
3 £9.83 5.26
4 80.51 13.66
10 5 103.96 27.77
6 71.56 10.33
7 20.67 20.31
8 102.89 9.75

Design pairs are from the 45 degree designs.
15 Note: The 10° data shows color difference for the 45 degree
pairs at 10°.

Graphical representations of the data shown in Tables
IV, V and VI are shown in Figures 5 and 6 of the drawings
in which Figure 5 shows the color divergence at the 10°
20 with illuminant A and Figure 6 shows no color divergence
at an angle of 45° with illuminant A.
Tables VII, VIII and IX below have the same data as
Tables I, II and III except for illuminant € and with
Figures 7 and 8 giving graphical representations showihg
25 the matching of colors at 10° and a divergence of the
colors at 45°. '



20 | LLUM NANT A AT 10 Exanpl e Design 1

Design 2 1) 2 qw @620nm and 4 gw @587nm 2) _ 2 qw @
691nm 4 qw @593nm 3) 3 gw @697nm 5 gw @

- 649nm 25 4) 2 qw @510nm 5 gw @671nm 5)
2°qw @ 478m woO 96/39307 6 qw@ 674nm 6) 3 gw@ 498nm PCT/US96/0748§ W@
589nm 7) 3 qw @653nm 5 qw @_5_ >nm 8) 3 qw @506nm
6 gw@ 642nm 30 9) 2 gw @ "420nm 5 gw@577nm
10) 3 gw @534nm 4 qw@ 68RBnETebte Il set forth bel ow

shows the cal cul ated col or val ue * * * 4.Qr each pair in
t he Exanple 1-10 consisting of De%sa%ﬁd_fpgﬁcyfg&nﬂ@g%éx%n%ge 1 at 35 10,

n_2.

of the pair of optical variable pi gnenflsmﬁﬁ'lm'a"n ‘%*Nf/éf’ue of 77.85 and
Design 2 has an L* value of 79.76. Wth the angle shifted to 45, Design 1
has an L* val ue of 91.89 apgsanpdei gn 2 hResimm 1* val ue of 76.7Pesign 2

addi tion, Tables WO 96/ 393897 2 gqw @ 625nm and 4 qw @ 582nm
PCT/ US96/ 07485 -11- 11 showgythe cal cul atgdecedsan paraneters fogwtd8s6nm
desi gns 3) 3 qw @ 692nm " 5 qw @ 641nm
4) 2 qw @ 509nm " 5 qw @ 662nm
5) 2 qw @ 475mm " 6 qw @ 663nm
10 6) 3 gw @ 644nm " 5 qw @ 586nm
7) 3 gw @ 495mm . 5 gqw @ 698nm
8) 3 gw @ 501lnm " 6 qw @ 630nm
. 9) 2 qw @ 410nm " 5 gw @ 567nm
10) 3 gw @ 528nm . 4 gw @ 674nm
15 TABLE VIII
 COLOR VALUES FOR EXAMPLES IN TABLE VII
L a' b* h c Delta E
1) a3  10deg. 72.64 20.06 61.26 71.87 64.46
a, 45 deg. 90.38 -7.77 4278 100.29 43.48
20 b, 10 deg. 76.96 20.89 60.38 70.91 63.9 0.96

b, . 45 deg. 7884 -67.69 24.79 159.88 72.08
2) a  10deg. 56.51 27.2 52.22 6249 58.88
a, 45 deg. 81.46 11.68 5249 7745 53.78
b, 10 deg. 75.66 26.22 53.5 63.89 59.58 -1.4

25 b, 45 deg. 79.98 -66.71 29.87 158.88 73.09
3) s 10 deg. 82.81 -62.64 49.66 141.5% 79.94
a, 45 deg. 54.06 2.14 -868.72 272,05 b59.76

b, 10 deg. 78.65 -63.43 50.66 141.39 81.18 0.2
b, 45 deg. 50.87 28.79 -62.27 298.85 b59.67
30 4) a, 10 deg. 923 -22.4 30.75 126.07 38.05
a, 45dep. 80.93 «22.21 -19.14 220.75 29.32
b, 10 deg. 77.62 <21.83 30.06 128 37.14 0.07
b, 45 deg. bb6.64 -22.03 -30.15 233.85 37.34
B}. a, 10 deg. 89.1 -29.92 7.74 165.49 30.8
35 a, 45 deg. 71.49 -6.63 -39.38 260.58 39.92
b, 10 deg. 59.27 -30.84 8.59 164.34 31.82 1.15
b, 45 deg. 74.52 27.69 -1.76 356.39 27.76
6 a 10 deg. 70.39 -64.06 -8.22 187.31 64.58
a, 45 deg. 41.49 56.46 -77.43 306.1 95.83
40 b, 10 dep. 59.12 -62.93 -8.48 18857 63.64 -1.26
b, 45 deg. 58.86 71.26 -33.23 335 78.63



shown in Table I.

L* a*
29.7 62. 92

53.01 55.69 64.17 a,

10 deg.  78.03

b*

TABLE ||

h C
64.73 69.58 a,
39.81 b, 10 deg.

-58.41 26.6 155.5%4 G4. 130 dég.

67.74 15
deg. 75. 85

79.76  29.84 63.08 64.68 69. 78
76.77  -62.02WOlSa¥®7 163.18 64.79 10 2) a, 10 deg.
45 deg. 83.1 23,44 55.06
35.82 53.9 56:39 64.72  -0.7 b,
a, 41.840 dey.97
-52’4945 g 045 de gg gg? ) qé?@ 2
%f?de 2 92'@

9.95 -53.89 280. 46 5m 812fe

31.61 a, 45 deg.

deg. . 77.84

45 deg.

Delta h 1)
91. 89

COLOR VALUES FOR EXAMPLES IN TABLE | 5

a,

Exanpl e

10 deg.  77.86

-1.91 39. 76 92.75

0.05 b, 45 deg.
58CTAIS96/034851 7
66.94 59.84 b,
45 deg. - 78.58

80.483 346.092.43.26 43.3 140. 27
55635363345 5947 73.16 b 10

’345%3 d"g%z? %‘g” 120 05

78601 454@0. 7667324 9%812160@1
515. 85 227. 60d6919 560.081. 745.16 0-2487h,33445 695  53. 19

-35.35 -33.02 223.05 48433
171.96 28.58 a,

58.53- -29.83
37.43

10

15

20

45 deg

4.4
27.99 -0.05 359.91 7. 995@% g 778} deip-o7

25

30

9)

10)

a,

10 deg.
45 deg.
10 deg. -
45 deg.
10 deg.
45 deg.
10 deg.
45 deg.

Design pairs are from the 10° designs.

Note:

d6.48

70.7

51.51
51.82
66.24
35.28
57.62
47.88
76.79

10 gies,
%71 69 “30 1§8’520 3%“35 Sa230 23%%3 fg

-5.86
16.22
6.18
55.65
65.89
25.14
66.02
21.61

156.38 A§.24

b, 10

5291. 697.21- 33.39 4

39 10 deg.
4739 B 5k

3&724134§? fﬁ43 C4 47 35315

-41.68
-50.64
-41.04
-0.31
-64.15
42.43
-64.13
53.51

" TABLE IX

Des. Pair

W 0O 2 0! b W e

[
o

AR
10

4.

19

6.
14.
29.

261.99
287.76
261.44
359.68
315.77

59.35
315.83

68.01

Deg.

49
.21
29
7
85

11.40 .

30.
i8.
is.
l2.

21
09
89
60

42.09
53.18
41.561  0.55
55.65
91.95
49.32
92.04  -0.06
57.71

‘Pair Total Color Difference (Delta E)
For Examples in Table VII

ABE
45. Deg.

63.60
81.60
27.85
27.67
50.95
4%.74
110.42
61.47
65.61
22.51

The 45° data shows color difference at 45° for the 10°
color pairs.



a, 45 deg. 71. 36 31.84 56.4 60.55 64.77 b, 10 deg. 73. 84

37.82 -5.69 351.39 38.05 1.76 b, 45 deg. 65. 35 -78.45 15.06

169. 13 79.88 30 71 a. 10 deg. 68. 32 -71.62 -11.06 188.78 72.46
a, 45 deg. . 39.55 13.83 -79.77 279.84 80.96 b, 10 deg. 57.19
-71.73 -11.56 wd®E3#67 72. 66 -0.38 b, 45 deg. 60. 07 5 RCTRUS6/BMSD 7
331.79 65.73 8 a, 10 deg. 41.61 37.4_4519.15 332.89 42.02 35

a, 45 deg. 68. 68 32.58 55.37 ° 59.53 64.54 b, 10 deg. St. 74

38.71 -18.47 334.49 44 &Qplesl® K1 #Hd X thekle YHre shbimIthe?Uebigns
dog 5131 12" sorrespatping bo; the 360100y dnthn’dn TiBiEs 1V, ¥ dha g0
-30.65 -40.7 233.02nd&0. YElumings C ngbhesy 3deoy illuminant A. ~ Figures 9

PCT/ US96/ 07485 - 12- ' o , _
a, 10 deg. 35 03 &ha ng(?s S%egfn%ggggg%?céf%?the '121f139'ma€§3n6§et Sorith i)

a,.. 45 deg. 59.41
33.45 43.83 52. gePalles X FhropghyXIT aind cstiou the ajyerogads ingpiprs at
72.15 0.09 5 109, and ke matching486f coBlrsiZat 4637 51.85 58.96
The color difference at 10[err] viewing angle as well as :

TABLE X

PAIRED OPTICALLY VARIABLE PIGMENTS
ILLUMINANT "C"™ AT 45°

io0 1) 3 qw @ 490nm and 4 qw @ 673nm
2) 4 qw @ 600nm  * 6 qw @ 617nm
3) 2qw @ 58M7nm ” 6 gqw € 637nm
4) 4 qw @ 560nm " 5 qw @ 680nm
8) 3 gqw@57lnm " 6 gw @ 668nm
15 6) 2 qw @ 482mm " 5 qw @ 657nm
7) 2 qw @ 395nm " 5 qw @ 646nm
8) 3 qw @ 6l2nm * 5 qw @ €25mm
TABLE XI

COLOR VALUES FOR EXAMPLES IN TABLE X

20 v a b h c Delta h
1 a  10deg. 43.43 38.9 -1.07 358.4 38.91 :
a, 45 deg. 70.12 2071 53.98 69.01 57.82
b, 10 deg. 47.84  67.28 -64:17 316.4 92.98
b, 45 deg. 77.06 2061 5479 6948 585 -0.47

25 2) a 10deg. 7059 4382 2621 30.82 51.15
a, 4Bdeg. B2.82 -69.26 46.22 1421 75.15
b, 10deg.  60.93  61.29 -27.56 335.8  B7.19
b, 45deg. 76.86 -60.25 46.8 1422 7629  -0.11

3] o 10 deg. 82.42 10,67 56.87 79.47 57.85
30 . a, 45 deg. 91.91 -21.75 28.77 1271 36.06
b, 10 deg. 57.36 32998 -17.27 3324  37.23

b, 45 deg. 772.83 -21.76 28.84 127 36.13 0.05

4 a 10 deg. 82.62 -10.03 81.72 97 82.34

a, 45 deq. 71.62 -61.4 -5.38 185 61.64

35 b, 10 deg. 75.75 14.17 759 28.19 16.07
. b, 45 deg. 61.33 -61.68 -5.15 184.8 61.9 0.24



that for a 45 view ng angle for each exanple is set forth below in Table

[t1. The total color difference delta E (AE) between the colors of the
paired optically variable 10 pi gnents are cal culated fromL*, a*, and b*
using Fornmula 6: [err]E*= [([err]L*)2 + ([err]a*)[err] +
(Terr]b*)[err]]Wwomne39307 Formula 6 TABLE 111 TOTAL COLOR BtFEseRiMsk

+ (DELTA E) FOR EXAMPLES IN TABLE | 15 19— Pair Total
Color Difference (Delta E) Des. Pair Exanple 10 Deg. 45.Deg. 1
é- 92 5 58 65. 4%) 2 ,, . 10 deg19 5%1.84 148 .94 8682026 28b0.7 . 95.89 29, 20
69.34 6 20,63 ¥ wlyy g3 16D o sedO e oo
8 16. 20 b, 6(?.09’309 80.34  oft- %‘7 ik 1en '86. #4381 0 11. 52

18.50 Design pairs are b,romstdes 10 7845r ee3®3®si 91669 NeASE8 TIRO245[ éx46] dat a
shows the color difference at 45[err] for the 10 degree color pairs. 30

Thus the | ower tshe %’E véal uemdeé)he %qger 5413 cqscH fgéh(:h'sz.éE I ncl udes not

only hue and col’or saturat
a, 45 deg. 7357 -10.13 -36.74 254.2 37.15

b, 10 deg. 77.72 -32.2 36.15 131.7 48.42

b, 45 deg. b4.18 966 -36.36 2653 37.6 -1.1
7} a, 10 deg. €5.11 3.21 -49.13 273.7 49.24
10 a, 45 deg. 47.28 16.1¢ -47.11 289 49.82

b, 10 deg. 77.22 -54.22 47.36 138.8 71.89
b, 45 deg. 51.67 17.42 -48.07 289.9 B51.13 -0.95

8 a, 10 deg. £57.8 -21.96 -48.94 245.8 53.64
a, 45 deg. 398.33 57.93 -59.39 3143 82.97
15 b, 10 deg. 73.45 -86.61 48.34 150.3 99.68

b, 45 deg. 50.08 57.92 -59.69 314.1 83.17 0.15

TABLE XIX
Pair Total Color Difference (Delta E)
. For Examples in Table X
20 Design Pair AE AE

10° 45°
1 69.34 6.99
2 57.32 6.07
3 81.41 14.08
25 4 78.28 10.30
5 132.61 28.20
6 26.42 18.44
7 112.94 4,66
8 118.67 10.75
30 Design pairs are from the 45° designs.

Note: The 10° data shows color difference for the 45° color pairs.

In Tables XIII, XIV and XV set forth below designs are
shown corresponding to the designs in Tables I through III
except for illuminant F rather than illuminant 2 and

35 graphical representations of the data presented therein



the brightness of the paired optically variable pignents as well.

and 4 of the drawi ngs are graphical 35

presented in Tabl es
are WD 96/ 39307

can be seen that the pairs are of al npst
HowevearewshBwhhénpRrigares e11i Ah@d12 0idSrich Figuiewl Deshows
NGe CXETDEE SatdY G Vi

red rn accordance w

orientation.
of each color pair
properties mhlch S

20l B850 lnd

and

Figures 3

representations of what has been

Qo

Figure 3 shows how cl osely the colors

PCT/ US96/ 07485 - 13-
mat ched in hue WQI963B®Bma for the exanpl es of the paired desi gRETHSIHHIESS

" paired optically variable pignents in the ab
i denti cal

space.

i

From Figure 3 it
colors at the 10[err] 5

e[$ ”éh&?ix% the

resent

invention. Thus ther@ivaygenee Pihanliared atedS8xanpl es of palred 10
Each have essentially no hue and chrona

- optically variable pignents.
difference at 10[err] but at 45 have w del
In the graphs in Figure 3 and

contrasts.

t hue and chroma

]

I red designs are

identified in acBordance with Tab|RARED OPTICAREY VARIABLR) PICMBNASple 1 with 15
~design 1 is |labeled "1-1" and Exanpl e 1IuMINAESiEInAR 1D%

10

15

20

25

30

35

1

2]

3}

1) 2
2)3
3)2
4)3
5)2
6)3
7)3
8) 3
9) 4
100 3

.12

12)3

qw @
qw @
qw @
qw @
qw €
qw @
qw @
qw @
qw @
qw @
qw @
qw @

10 deg.
45 deg.
10 deg.
45 deg.

10 deg.
45 deg.
10 deg.
45 deg.

10 deg.
45 deg.
10 deg.
45 deg.

640nm
689nm
499nm
656nm
466nm
490nm
647nm
497nm
620nm
637nm
405nm
525nm

and 4 qw
" 5 qw
L] 5 qw
" 5 qw
" 5 q"’
» 5 qw
(1] 6 qw
" 6 q"’
" 6 qv'
n 5 qw
L] 4 qw
[1] 4 qv’

TABLE XIV

@ 582nm
@ 644nm
@ 663nm
@ 684nm
@ 664nm
@ 694nm
@ 704nm
@ 637nm
@ 605nm
@ 583nm
@ 708nm
@ .677nm

COLOR VALUES FOR EXAMPLES IN TABLE XIII

L
70.42
91.01
81.78
76.66

82.02
47.02
78.72
44.8

92.38
75.84
82.31
47.84

a
17.33
-0.08
18.02
-60.36

-47.88
an
-48.35
17.49

-18.21
-14.1%
-17.81
-18.63

b
68.25
52.65
66.68
24.67

50.35
-70.45

50.78
-66.3

27.65
-29

27.35
-36.81

h
75.75
90.03
74.88

163.8

133.56
272.53
133.59
287.26

123.37
243.98
123.08
243.18

c
70.42
B2.35
69.07
56.08

69.48
70.52
70.12
58.96

33.11
32.26
32.64
41.25

Delta b

0.87

-0.03

0.29



| abel ed "1-2". In Tables IV, V and VI below there are set forth eight
eXanpl es of paired designs for paired optically variable pignents in
accordance with the present invention in which 20 t he converse of that
obtained in the ten exanples in Tables I, Il and IIl has been given in
whi ch col or di fwowessses are mininmzed at 45 and col or changes PCIUS96mU488
shifted angle, as for exanple at 10[err]. TABLE LV 25
- PAI RED OPTI CALLY VARI ABLE PI GVENTS I'LLUM NANT A AT 45[err] Exanple

- Desi gn )1 m Q%Dsimeg 1) 7022 52743 qms&@#%b"ym 52.981d 4) qw @

. 679nm 2 3 qw, w 4 3

4 qw @ 604nm 3 4%0‘%%25 iR 3619 @%3 959 %gnm 6

' gqw @ 646nm 5) e 576r7ﬁ194 8373 &R gnti 0.8 4

- qw @ 568nm 5 bw @Saﬁﬁlnm 7%.02 4147 -nN %]w @M@ln&ﬁ 14 5 gw
@ 668nm 35 5 8) 3 gqw @18nm 5 gqgw @637nm WO
9?/439307 ) a, 10deg.  86.1 2162 036 179.06 511627596/ 07485
T a, 45deg. 6594  -279 -48.83 266.73 48.91

b, 10 deg. 50.31 -24.08 1.4 176.68 24.12 2.38
b, 45 deq. 80.28 22.17 -1.28 366.67 22.21

10 6 s, 10 deg. 44.03 27.44 -3.71 3623 27.69
a, 45deg. 72.06 16.14 59.42 748 61.57
b, 10 deg. 79.12 - 28.38 -4.28 351.43 28.7 0.87
b, 45 deg. 59.34 -62.69 9.29 171,57 B63.37

15 7)) s 10 dep. 66.41 -49.94 -8.86 189.77 50.87
a, 45 dep. 38.08 41.75 -87.76 29544 97.18

- b, 10deg. ~ 66.48 -49.32 -7.89 18%.09 49.96 0.68
b, 45 deg. '65.69 48.61 -19.06 3386 52.21

8 a 10deg. 4158  30.62 -17.86 329.62 35.5
20 a, 45deg. 6956 1673 58.62 74.07 60.96
b, 10deg.  B52.11 - 3222 -18.3 3304 37.068 -0.78
b, 45dep. 8218 -19.46 27.98 124.82 34.08

9) a, 10 deg. 656.12 50.156 -18.32 339.93 B53.4
a, 45 deg. 87.08 -29.96 72.63 11241 78.57
25 b, 10 deg. 67.08 50.75 +18.6 339.88 54.06 0.05
b, 45 deg. 73.08 -82.1 47.61 142,62 78.25

10} o, 10 deg. 62.04 -44.38 -23.12 207.52 50.04
a, 45 deg. 37.3 45.43 -85.71 297.93 97
30 b, 10 deg. 49.09 -44,37 -23.42 207.83 50.17 -0.31
b, 45 deg. 61.23 §2.61 -34.86 326.47 63.11

11 s, 10 deg. 65.91 -3.46 -49.97 2686.03 50.09
a, 4b deg. 48.12 1085 -55.9 280.68 56.89
. 35 b, 10 deg. 43.12 -3.06 -60.61 266.54 50.7 -0.51

b, 45 deg. 68.5 43.66 -6.27 351.B3 44.11



TABLE V COLOR VALUES FOR EXAMPLES I N TABLE |1V Exanpl e L*

ar b* h Cr Delta h[err] 1) a, 10 deg. 50. 82

36.66 27.48 36.85 45.82 5 a. 45 deg. 77. 26 28.97 56.77
62.96 63.73 b, 10 deg. 47.7 46.3 -62.59 306.49 77.85 b, 45 deg.
79. 89 29. 26 wo9%r$9807 62. 98 64.41 -0.02 2) a, 10 deg. PBT/US96/0748537. 4
-43.45 310.72 57.33 a, 45 deg. 64 33,27 51.52 57.14 61.33 10
b, 10 deg. 46. 92 40.45 -63.25 302.6 .07 b, 45 deg. 78.5

33.36 51.52 57.0842615,37 104 06 34.16 2, 48ld deg. 364939 84.1345. 24 34. 56

37.38 56.93 a, 45 de 649 76,5 A40. 03591435.38 63886 15
b, 10 deg. 62.14 % 8%l 8 !

. 337, 45 deg. 13
S49.57 40.76 140.57 'Ba. 1990 6%27'91 747%10%358 394@% %é%ﬁ 2‘1‘2'28 58. 48
69.91 62.27 a, 45 degh 49 8e06 7 80-4_43.3 20925 $4.6212892¢ 585515 20

b, 10 deg. -57.13  32.12 -16.24 333.18 35.99 b, 45 deg.  78.01
-15.16 26.14 120.11 30.22 0.38 5) a 38 07 2.39

-86.75 271.58 °86.78 a, 45 deg.  46.99 13 352.87 33.29 25
b, 10 deg. 59.37 -38.13 6. S9TAL $LOR DIFFERENGE (DEBT’dég 74.75
32.92 -3.34 354.2 33.09 -1 33 6FOR FXAMPLES JUQTABLE HII7/ 7.45 79.7

84.66 80.04 a, 45 deg. 69. 8 -66.9 -7.77 186.62 67.35
Pair Total Color Difference (Delta E)

Des. Pair III. F Delta E
10 10 Deg. 45 Dbeg.
1 11.49 59.34
2 3.36 20.30
3 37.40 29.41
4 13.34 83.17
15 5 35.89 55.58
6 35.11 94.28
7 0.95 74.37
8 10.66 49.07
g 2.07 43.08
20 10 12.95 56.66
11 22.80 ' 63.05
12 8.75 22.01
Design pairs are from the 10° designs.
Note: The 45° data shows color difference at 45° for the 10°
25 color pairs.

In Tables XVI, XVII and XVIII set forth below, data are
shown corresponding to the designs in Tables IV through VI
except ' with illuminant F rather than illuminant A
Graphical representations of these designs are shown in
30 .Figure 13 and 14 in which Figure 13 shows a divergence in
colors at 10° and Figure 14 shows the matching of colors

at 45°.



30 b, 10 deg. 76.72 15.34 8.92 30.18 17.74 b, 45 deg.
59.47 -66.82 -7.71 186.59 67.26 0.03 71 a, 10 deg. 89. 99

-24.07 14.12 149.61 27.9 a, 45 deg. 72.65 -28.4 -36.59 232.19
46. 31 35 b, 10 deg. 77.78 -20.8 30.47 124.32 36.89 b, 45
deg. 52.36 wWPI6/ABO? -36.58 231.39 46.81 0.8 8) a, 10 eemussswobds 77
-52.94 -55.48 226.34 76.69 a, 45 deg. 322%1 30.35 -58.22 297.53
65. 65 40 b, 10 deg. 73.21° -69.53 "24.19 147.56 82.38 b, 45
deg. 48. 88 30.35 -58.63 297.37 66.0pppr® 3% Delta h is calculated

between the "a and "b" pair at 45[err] i ence, 96/ 39307
PCT/ US96/ 07485 - 15- TABEE VI TGrA[L"%&SlL"oPe"'ﬁB' i’%R%\'i‘éé‘"’( FSAYES FOR EXAMPLES
IN TABLE |V Des. Pair [err]E TLLPMINBNT F AT 45°
. 10 Deg. 45 Deg. 1 =~ 90.64 - 2.52 2 22.06
| 14.50 3 59.831) 4 qw &.52Gan and  80. 51 6 quw 836236m
5 2) 2 qw @ 576nm " 6 qw @ 638mm
, 3} 3 qw @ 566nm " 6 gw @ 666nm
4) 5 gw @ 573mm » 6 gqw € 698nm
5) 4 qw @ 555mm " 5 qw @ 677nm
6) 2 gw @ 475nm " 5 qw @ 656mm
10 7) 2 gw @ 3%4nm .. S gw @ 648mm
8) 3 gw @ 608nm " s gqw @ 627nm
TABLE XVII
COLOR VALUES FOR EXAMPLES IN TABLE XVI
L’ a b’ h c Delta h
15 1 a '10deg. 75.86 3197 33.73 4664 46.47
a, 45 deg. 82 ~45.7 46.24 134.66 65.02

b, 10deg. 5873 48.61 -21.89 335.75 53.31
b, 45 deg. 79.13 -44.8 46.61 133.86 64.66 0.8

20 21 a 10deg.  87.43 652 61.63 83.96 61.98
a, 45deg.  91.97 -17.59 26.08 124  31.46
b, 10deg. 518 30.69 -17.82 329.85 36.49

b. 45 deg. 82.27 -12.78 26.59 123.73 31.97 0.27

25 3) a, 10 deg. 35.02 43.33 -95.12 294.49 104.53
a, 45 deg. 47.02 2404  -2.29 354.55 24,15
b, 10 deg. 50.72 -28.44 28 17439 28.68
b, 45 deg. 79.81 248 -2.59 353.99 24.74 0.56

30 4) a, 10 deg. 45.06 -20.31 -40.84 243.66 45.61
a, 45 deg. £6.06 47.12 -16.88 340.29 50.05
b, 10 deg. -63.59 -52.86 -4.06 184.38 5&3.01
b, 45 deo. 68.27 47.87 -17.36 340.07 50.92 0.22

5) a, 10 deg. 87.84 -11.09 92.82 96.81 93.68
35 a, 45 deg. 64.39 -43.16 -17.6 202.18 46.61
b, 10 deg. 82.22 5.43 2.35 59.86 10.81

b, 45 deg. 52.37 4348 -17.16 201.54 46.75 0.64



10 5 103. 96 27.77 6 71.56
10.33 7 20. 67 20.31 8 102. 89 9. 75 Design
pairs are fromthe 45 degree designs. 15 Not e: The 10[err] data
shows color difference for the 45 degree pairs at 10[err]. hi cal

rrepr esent at i onVOISIBY data shown in Tables IV, V and VI are ?EW*’W‘BS
Figures 5 and 6 of the drawi ngs in which Fi gutgsS shows the col or

di vergence at the 10[err] 20. wth illumnant A and Figure 6 shows no

col or divergence at san anglw déd. ASB8RT] WRLG# i | 18AFi NMEALEA.2318bl es VI, VIII
and | X bel ow have the sane 4deag@ as gd.8d! es -4.07 | Lasmad deblisexqasgst f or

illumnant C and with F gur anq Ga Qi Vﬁspﬂz araphi cak shezgyent ati ons
show ng 25 t he matchl;ﬁ 1§% 1a ?’ver gepce of the1 5(g‘,ol ors at

45[ er I‘] WO 96/ 39307b: 45 deg 46.21 -4 92 -45 15 26 .78 45.42 -
PCT/ US96/ 07485 -16- TABLE VI| PAI RED OPTI CALLY VARI ABLE PI GVENTS | LLUM NANT
"C' AT 10[err] 5 70 a 10deg.  61.81 1.24 -56.67 271.27 ©5.68

a, 4Bdeg. 453 1027 -52.64 281.04 B53.64

b, 10deg. 79.83 -42.51 47.11 132.06 863.46
b, 45 deg. 45.01 10.35 -53.08 281.04 54.08 0

8. a, 10 deg. 49.35 -‘i3.76 -62.12 257.51 63.62
10 a, 45 deg. 38.39 415 -63.37 303.22 75.75
b, 10 deg. 72.05 -67.21 51.64 142.46 84.75

b, 45deg.  45.64 41.66 -63.88 303.04 76.21 0.18

TABLE XVII1

TOTAL COLOR DIFFERENCE {(DELTA E)
15 FOR EXAMPLES IN TABLE XVI

Pair Total Color Difference (Delta E}

"Des. Pair AE AE
10 Deg. 45 Deg.
1 *60.53 3.03
20 2 190.37 9.71
3 122.42 32.80
4 §2.50 2.38
5 85.37 12.03
6 30.80 ' 22,63
25 7 113.18 0.53
8 127.72 ; 7.27

Design pairs are from the 45° designs.
Note: The 10° data shows color difference at 10° for the 45° color pairs.

In viewing the data set forth in the foregoing tables,

30 it can be seen that there is a color difference for

different types of illumination. In other words, under

one illuminant there may be an exact color match whereas

under another illuminant there may no longer be an exact

~ color match. Thus there is a color change which
35 traditionally is known as color metamerism. In viewing



Exanpl e Design 2 5

D 2 qw @625nm and 4 gw @582 nm 2)

2 gw @ 683nm ! . 4 gw@ 586nm 3) 3 gw @ 692nm
5 qw @ 641run 4) ' 22 qw @509nm : 5 vvg
662nm 5) WO 9639307 2 qw @A75nm 6 qw @@Hﬁ?‘% 5

6) 3 qw @ 644nm. - -25- 5 gw @586nm 7)

3 gw @ 495nm 5 qgqw @698nm 8) : 3 gw @501nm

6 qw @630nm 9) Table III, exXampile @ gil@smthe lowest color AiEfavedssPIm

10) Srse

TABLE VI 11 COLOR vi%gs@ﬁﬁgﬂ%ﬁﬁ%? l\? PAYeE OPE ﬂiaﬂé@@ Wareezence
h Del o R931$3 for derigmsyfor maboly 14"9 °°26’r§63t 6E°26 Tabﬂie &
64. 46 a, 45 deg. for FMAtdhing coioiE at42578 tHOmPYimiB . Bl RO differenceh,
78040 67 go5 24%d-3ksf0 Oe’?%’o%%%d the mpximull- 618 aisreribe 1s
52.22 62.49 58.87.37 forsedample 581, Szn@ilarlfneéyseszcm be #9519%3’“738

b, 10 deg. 76 62n@OXV T 58k 5
45 deg. 79. 98 %6 T?llﬁ@sgg é75&15 &Y PPrp8to givé @Sminimum ofb,

_62.64 49.66 14f-49 3¢ §4m&"1mu35§gégl £3r Malle x, p Wilfifim of W&

272.05 59.76 b, ah@ degnaximuks. 5.2 fow3Talsle XDIsea Binimum 9393gand @ 2
10 maximum of 37.4 for Table XV and a minimum of 0.53 and a

maximum of 32.8 for Table XVIII.

Similarly, the data in Tables I through XVIII can be
analyzed to ascertain the paired designs under the
illuminants A, C and F as set forth below in Table XIX.

15 TABLE XIX

JTOTAL COLOR DIFFERENCE FOR
PAIRED OPTICALLY VARIABLE PIGMENTS
“FROM DIELECTRIC THICKNESS TRACKS
UNDER ILLUMINANTS "A", "C" AND “F"

20 Pair Ill. Angle Delta E Designs 1 and 2
1 A 10 1.92 2 qw e 620 & 4 qw @ 587
3 A 10 5.585 3qw @ 697 & 5 qw @ 649
1 A 45 2.52 3qw @480 & 4 qw @ 679
3 a 45 5.26 4qw @604 &6 qw @ 625

25 1 c 10 4.49 2 qwe 625 & 4 quw @ 582
3 Cc 10 6.29 3qw @ 692 & S gw @ 641
7 c 45 4.66 2qw@ 395 & 5 qw @ 646
2 c 45 6.99 4 gw @ 600 & 6 gqw @ 617
7 P 10 0.95 3qw@ 647 & 6 qw @ 704

30 9 F 10 2,07 4 .qw @ 620 & 6 gw @ 605
7 P 45 0.53 2 qw @ 394 & 5 gqw @ 648
4 F 45 2.38 5qw @ 573 & 6 qw @ 698



b, 45 deg. 50. 97 28.79 -52.27 298.85 59.67 30 4) a, 10

deg. 92.3 -22.4 30.75 126.07 38.05 a, 45 deg. 80. 93

-22.21 -19.14 220.75 29.32 b, 10 deg. 77.62 -21. 83 30.05 126
37.14 0. 07 b, 45 deg. 56. 54 -22.03 ~-30.15 233.85 37.34 5) a.
10 deg. 89. 1W0 963939792 7.74 165.49 30.9 35 a, PCT/USP6 100435
71.49 -6.53 -39.38 260.58 39.92 b, 10,deg. 59. 27 - 30. 64

8.59 164.34 31.82 1.15 b, 45 deg. 74.52 27.69 -1.75. 356. 39

27.75 6) a, 10 deg aAs c#fl. B seeWirDTable8xER avbVe,3thebBesSt two detfign

009, LU0y S0l o enilP ghrunilindi e o s PensadOpf neen
71: 26 -33.23 335 selected;3 For\\exsppieggtwo des gn pa:.rs at a 10° viewing

PCT/ US96/ 07485 -17- Jﬂ 1@ 1:\17«:1(-'!'.'.0 fEtuminarftl - B4were 4dh&in td0ndbe ThHh2e Qdwest
43. 25 a, 45 de 1.46 53..63

68.2 ..57.77.b. 10 deg. .
7202 " 432 1 cfé°1%r43‘"§§“a R 59 Singlaxly, gﬂ% «abgi.zeren%wred gbaigne
20.31 166.38 86.2/m&d the)best ctlodeguatch &% 08 45° 4§ieFing2sngle 3Bde®5

50.95 a, 45 deg t R2- 2Py égw%]:.ch Bdvébeer! sddeBtea 4Fe A8k
58.15  46.02 -22. %gfmﬁ@’an% 5117 eeh seletted are ones
which have the smallest color difference for the chosen

angle. Similarly, the examples have been selected for the
10 best two color matched pairs under Illuminant C and
similarly for Illuminant F under the two different
orientations. Using this criteria the best overall design
pair was found under Illuminant F at 45°. By reviewing
Table XIX, the color difference for the pair: 2 gw at 394
15 : nanometers and 5 gw at. 648 nanometers has a AE at 0.53.
.In Table XX set forth below, the two design pairs
selected .in. Table XIX were analyzed to ascertain whether
or not a color match still existed under different
illuminants. When those designs are forced under
20 Illunminant A, the color difference in terms of AE is now
36.44 and when it is placed under Illuminant € it has a
value of only 6.15. Thus it can be seen that when the
best pair of optically variable pigments under Illuminant
F is placed under a different illumination the color match
25 is no longer an exact color match. Other paired designs
were also viewed under different illuminants to see the
effect in their AE color difference and this data has been
tabulated in Table XX. '



b, 45 deg. 77.88 -35.97 36.76 134.38 51.43 9) a, 10 deg. 70.7
-5.86 -41.68 261.99 42.09 10 a, 45 deg. 51.51 16. 22
-50.64 287.76 53.18 b, 10. deg. 51. 82 -8.18 -41.04 261.44 41.51
0.55 b, 45 deg. 66. 24 55.65 -0.31 359.68 55.65 10) a, 10 deg.
35.28 65. 89 WORABIW? 315.77 91.96 a, 45 deg. 57.52 PET/U896/078854 3
59.35 49.32 15 b, 10 deg. 47.88 _,,66.02 -84.13 315.83

92.04 -0.06 b, 45 deg. 76.79 21. 61 §§ 51 68.01 57.71 TABLE IX
Pair Total Color Difference (Delta E) For BEpagpkegxin Table VII 20

Des. Pair [err] E [err] E 10 Deg. 45. Deg. 1
4.49 63.60 2 4 1 19. 21 81.60 3
6. 29 27.85 B8t 2 Under Ill. A, C&F 4 14. 71
27.67 5 29. 85 50.95 6 11. 40
49.74 7 Bar. Lode(*) L' 110.42 8 b hue C' 18. O®aE
61.47 30 9 18. 89 65. 61
10 1308p. . A Desion (k@amPehale ON Pai r's are fromthe 10[err]
desi gns.
5 1 4ac1 74 19.13 60.87 72.565 63.8 12.52
acz 75.31 27.54 51.69 61.95 68.56
2 41 8345  -59.1 64.67 137.23 80.51 15.77
4c2 77.45 -48.41 4475 137.25 65.92
45 Deq. ill. A Design (known) under C
10 1 41 73568  18.87 b54.16 7079 57.35  11.19
4C2 75.42 27.01 46.7 §9.96  53.94
2 a1 83.39 -B6.17 50.41 138.09. 75.48 14.80
4C2 77.66 -45.77 4157 137.76 61.83
Pair Code(*) L a b’ hue c Delta E
15 10 Deg. lil. A Design (known) under F
1 7F1 76.2 15.29 67.44 77.22 69.15 13.84
72 79.96 22.85 66.47 67.97 60.92
2 7R 84.08  -43.8 60.17 126.05 74.43 14.95
7F2 80.08 -40.99 46.04 131.68 61.64
20 45 Deg. . A Design (known) under F
1 7F1 75.6 15 B9.87 75.93 61.72 12.08
7F2 79.79 22.48 51.36 66.37 56.06
2 7F1 84.01 -41.84 55.32 127.1 69.37 13.13
7F2 80.19 -39 43.08 132.16 58.11



Not e: The 45[err] data shows color difference at 45/ err] for the 10 col or
pairs. WD 96/ 39307 _

PCT/ US96/ 07485 -18- In Tables X, XI and Xl there are shown the
designs corresponding to the designs shown in Tables 1V, V and VI under
i1lum nant C woe489807 than illum nant A Fi gures 9 andPCTUSPAASsent
graphically the information set forth in.5 __,Tables X through XI| and show
t he divergence in colors at 10 and the matching of colors at 45/ err]. TABLE
X PAI RED OPTI CALLY VARIpABLEdEGVENTS | LLUWM NAND" " C' ndsT 45fkrr] Dera€e

1) : 3 qw @ 490nm and 4 gw @ 673nm 2)
4 gw @ 600nm @ 617nm 3) 2 qw @
587nm 10 Deg. lil. GDesign (kpgwn) 8’?%% 4) .4 qw @ 560nm
" 5gw @ 680nm 5) 3 gw @571nm
6 gqw @66Bnm 15 1 5A1 6) 7656  30.65 623w @R KWE2N0 9.83
5 qw @657nm 7) 2 qw ¢@os 395017% 5qgw @
5 04 69.63 70.64 73.7
646nm 8) 3 gw ‘& 612nm 5 gw @ 625nm TABLE
X
5 2 BAl 80.3 56.04 37.76 146.03 67.57  12.63
BA2 74.21  -64.27 45.14 14492 78.54
45 Deg. lil. C. Design {known) under A
1 BA1 44.65 9.94 -47.69 268.22 48.72  26.98
6A2 48.76 16.63 -56.68 285.81 B7.71
10 2 BA1 80.42  -53.18 35.31 146.42 63.83 11.42
A2 745  60.78 41.44 14671 73.57
10 Deg. 1. C Design (known) under F
1 7F1 74.77 16.89 67.78 768 69.62 7.41
7F2 81.78 18.02 66.68 74.88 69.07
15 2 7R 82.84 -46.46 B4.11 130656 71.32 7.93
7F2 772.77  -52.41 5279 1348 74.39
45 Deg. lll. C Design tknown} under F
1 7F1 - 4555 10.33 -§2.89 281.03 53.98 4.12
7F2 44.83 13.98 -54.75 284.32 G5B.51
20 2 7R 828 .  -44.16 5023 131.32 66.88 7.86
7F2 77.88  -50.07 48.97 135.64 '70.03

Pair Code(*) L a’ b hue c Delta E



10

COLOR VALUES FOR EXAMPLES I N TABLE X 20 L*
a* b* h Cr Deta h 1) a, 10 deg. 43. 43
38.9 -1.07 358.4 38.91 a, 45 deg. 70. 12 20. 71 53. 98 69. 01
57.82 b, 10 deg. 47.94 67.28 -64.17 316.4 92.98 b, 45 deg.
77.06 20. 51 wo®413997 69.48 58.5 -0.47 25 2) a, Ppeflushswr4ss
. 70.59 43. 92 26. 21 30.82 51.15 a, 45_g§g. 82. 82 -59. 26
i 46.22 142.1 75. 15 b, 10 deg. - 60. 93 .29 -27.55 335.8. 67.19
b 45 deg. 76. 80 peg. 1. PBesigd (knoWh)-uider A42. 2 76. 29 -0.11 3) a,
deg. 82.42 10. 67 56. 87 79.47 57.85 30 a, 45 deg.
91.91 -21.75 28.77 127.1 36.06 b, 10 des%7 57. 36 32.99
-17.27 332.4 37.23 b} 4 deg. 659877 8283 189974196 Hg 79 1 p28.11
36. 13 0.05 4) a, 10 s#eg. 688462 -63.36 10.80® 127727263.8807 82. 34
a, 45 deg. 71.62 -61.4 .5.38 185 61. 64 35 b. 10
deg. 75. 75 14. 17 7.,.59 2 1 b, 45 g. 61.
6T 6s 535 1848 261%0 ds3?, 1830 ) 9465}43938$ s6.54 O12%0
PCT/ US96/ 07485 £19- 5) a, 54210 def§899 4§3-8% -17.683 31.76. F688% 300. 7
- 95.89 4, 45 deg. 45, 27 36. 34 -7.16 348.9 37.04
45 Deg. lil. F Design (known) under A
1 BAl 36.45 762 2669 26427 27.73 36.44
BA2 48.87 11.84 -54.49 28226 55.76
2 5A1 76.63  -45.75 39.82 138.96 60.86 111.57
10 BA2 69.92 50.45 -16.31 342,09 53.02
10 Deg. . F Design tknown) under C
1 4ct 7145  -66.19 -4.28 183.7 66.33 18.17
4c2 69.19  -54.17  9.16 170.41 54.94
2 4 62.73 65.58 -12.97 348.82 65.85 14.03
i5 ac2 64.51 645  -26.84 337.41 69.86
45 Deg. ll. F Design (known) under C
1 4ch 47 16.12 -46.81 289  49.51 8.15
4c2 52.05 12,67 -46.18 285.34 47.88
2 4ac 77.8 -40.92 39.28 136.17 B8.72 121.10
20 4c2 65.7 60.88 -25.17 337.564 65.89
In the event that the present invention is utilizead for
preparing optically variable pigments to be used with
currency to prevent counterfeiting, it should be
appreciated that bank-note exchange is most likely to take
25 place under cool fluorescent lighting as typically found

in banks and retail stores. It is therefore believed that
design pairs should be utilized which have matching colors



b, 10 deg. 60. 34 -41.51 12.6 163.1 43.38 b, 45 deg. 73.45

35. 39 -6.69 349.3 36. 02 -0.45 5 6) a, 10 deg. 90. 18 -29. 4
13.02 156.1 32.15 a, 45 deg. 73. 57 -10.13 -35.74 254.2 37.15
b, 10 deg. 77.72 -32.2 36.15 131.7 48. 42 b, 45 deg. 54. 15
~-9.56 -36.36 WDO96/3930737.6 -1.17) a. 10 deg. 65. 11 PpCT/USY6/8TUSS
- 49.13 273.7 49.24 10 a, 45 deg. _,,47.28 16.19 47.11 289
49. 82 b, 10 deg. 77.22 -54.22 47. 36 :’fl.%8 9 71.99 b, 45 deg.

51.67 17.42 - 48, Qfer?&uch Highk3ng =& Ho1d)exdple 11 08finant ¥ &8s set

-21. 96 48.94 245.8 53,64 a, ~_45_deg. 9.33, .A/7.9 -59.39 314
82.97 15 . b, Loy gbgve- ‘i‘§.121§zg"2 gauch przzfy;@gleslgg_egiesggpggrg}f
45 deg. 50. 08 desigh p&_'i?. Goul8lbel Oneg:;.n_ﬂblvigg 1swiAguErter waves at
Total Color Differengq nRabhatErsFota Ef‘i@)@'%a%x‘t@r-rﬁmr@s&eous nanometers.
Design Pair [err]E Lierr, Ell{er,r . 45[err] 1

69. 34 5 g gg oAlthougl-the,design pair g4 lying two gl erwaves at
14. 08 25 394 nanometers a@nd five dgda28erwaves at ldiLBMahometers is
132.51 28. 9 ePpest ovdrdPa design palirl,9 e design at 394 nanometers

does not have much of an optical shift, as can be seen by
referring to Figures 13 and 14. This design pair, labeled

10 #7-1" and "7-2" does have a divergence of color at 10°,
but the change in color for the two quarterwave design is
small. Thus, a preferable design pair would be Pair 4,
which has the designs five quarterwaves at 573 nanometers
and six quarterwaves at 698 nm. Both of these designs

15 have substantial color shift with angle. They are widely
separated in color at 10° and have a fairly good color
match at 45°.

It can be seen by referring to Tables II, Vv, VIII, XI,
XIV and XVII that the color match in terms of hue is, for

20 all practical purposes, an exact match. The AE
differences for the various design pairs as shown in
Tables III, VI, IX, XII, XV and XVIII are a consegquence of
slight variations of brightness, L* and in chroma, C=*.
These color variations can be minimized by adding a black

25 or neutral transparent pigment or nontransparent pigment
to the design of the pair which has the highest chroma and
brightness value. The addition is made until the
brightness and chroma are matched to the lower chroma and
brightness design of the pair. Thus, all design pairs can

30 be optimized for color matching by the judicious additions
of other color modifying materials.

All the foregoing principles can be utilized in
conjunction with the optically variable device 11 shown in
Figure 1 in which paired optically variable pigments

35 utilizing those principles can be incorporated into the
two different optical variable devices 17 and 18 shown
therein and which can be utilized in the form of an ink or
a paint with the appropriate vehicles for the pigments.



7 112. 94 4.66 8 118. 67 10. 75 30

Design pairs are fromthe 45[err] designs. Note: The 1Q[err] data shows
color difference for the 45[err] coldr [ lpagaeEyg X 11, XIV and XV
set forth bel ow designs are shown corr'g'i%og Eégcwé\q) t he {desi-gns in Tables |
through 111 exweapoedose7 il | uni nant F rlather nillur-Adant A PolAB56/07485
graphi cal representations of the data present_grdIl t herein WO 96/ 39307
PCT/ US96/ 07485 -20- are shown in Figures. 11 : d 12 in whi ch Figure 11
shous the matching of o) och Alvel i | o8 Fhatifatfor atENEd Hfave Jarge
di vergence of colors at 45[err]. TABLE XII1 .5 PAI‘F%ED

OPTI CALLY VARI ABLE PPYNENFERVEL URSNAT Fupetion | @ferYiewing angipeabich is
and 4 quae@bffhm ) 3 qonieé8borm with the present inventforgw
@ 644nm 3) 2 gw @49]915%@ o} m 10

4)3 qw @ 656nm rference type pigmepts gszgﬁlrtn%?gé%w @ 48dnHueh
6 gw @ 664nm%)3 Bigwentsomakal dielectric or all dielectrig,ipeptersnce

stacks are utilized.
A typical metal dielectric asymmetric interference
stack 31 as shown in Figure 15 is formed as a sheet on a
soluble release layer 32 deposited on a flexible web 33
10 serving as a substrate. The multilayer interference thin
film stack 31 can be removed by passing the web or
substrate through a solvent bath. As the soluble release
layer 32 dissolves, the thin sheet of interference film 31
disintegrates into a multitude of flakes. Since the
15 flakes have two planar surfaces, it is desirable to

provide an optical design for the mmltilayer interference
stack or film so that it is symmetric and presents the
same design on each side. After collecting the flakes and
washing them to free them of release material, a pigment

20 is produced by grinding the flakes to a size ranging from
2 to 200 microns and preferably a size ranging from 2 to
20 microns by grinding or pulverizing without destroying
the color characteristics of the flakes. The flakes
should have an aspect ratio of at least 2 tc 1 with

25 respect to the surfaces of the flakes and the thicknesses
of the flakes and preferably 10 to 1 in order to preserve
the correct particle orientation when they are placed in
the desired vehicle for an ink or a paint to maximize the
brightness and color purity of the ink or paint.

30 Thus in accordance with the present invention it is
desirable to utilize a symmetric metal dielectric stack 31
as shown in Figure 15 which can be comprised of only three
materials and five layers to produce a strongly dichroic
optically variable pigment. It is comprised of a senmi-

35 opague metal layer 36 which is formed on the release coat
32 carried by the flexible web 33. The layer 36 is
followed by a dielectric 1layer 37, a thick metal
reflecting layer 38, another dielectric layer 39 and a

This Sheet Has Been Reﬂlaced

(T




7)3 qw @ 647nm 6 qw @ 704nm 8)3 gw @497nm

6 qw@ 637nm 15 9) 4qw @ 620nm 6 qw @
605nm 10) 3gw@ 637nm 5 gw @583nm 11) 2qw @
405nm 4 gw @708nm 12)3 gw @ 525nm

4 gw @ 677nm TABDBS/BM? 20 COLOR VALUES FORPEXAISP$/97485 N
TABLE Xl Il L* a* b* h Caa- Delta h 1) a, 10
deg. 70. 42 17. 33 68. 25 75.75 70.42 a, 45 deg. 91. 0z -0. 06

82867352 90.03 52.3%iHa1 tHn GGri-opadhe7Retal IhydE 4166 Kk thédpB8aueeied
10 deg? 82.02b’ 9%?.%2%“50?%%‘1?‘?'5%. ?gghgg."‘iszéﬁzé}gga? 3%648.68%&19”
3.11 -70.45 272.5%ariabke oil)joondy. threpg layers greyyequizedy 1%Thesy
1582 507 Yo gghree bugedh Mg, onbted o5, 547 58 o) sdiinatn in
75.84  -14.15 5-29F9§“§ﬁ3.‘§a'9 Y f§% 8y, e ML
123.08 32.64 0. 3fivébted. Whenthe Mmldddayer yhigsfilnm jig eeparatedifrom
§é$)6296fé?225 motﬁQ/§%§QZse coat 32.and the flexible web 33 and attached
: by means of an adhesive to a counter surface, the layer 36
faces the viewer. By way of example each of the thin
10 metal layers 36 and 41 may be formed of a nominal. five
nanometer thick layer of chromium and each of the
dielectric layers 37 and 39 can be formed from a suitable
dielectric material such as silicon dioxide to an optical
thickness of a plurality of half waves at a particular
15 design wavelength. The metal reflecting layer 38 may be
formed of a layer of aluminum formed to the thickness of
approximately 80 nanometers to provide opacity and high
reflection. Although a 1layer of reflecting metal of
greater thickness can be utilized, it is believed that it
20 is preferable to minimize the stress in this layer by
providing a thin layer as well as to maintain the correct
aspect ratio for the product when in the form of a

" pigment. '
It should be appfeciated that the materials mentioned
25 are by way of example only and that other grey metals such
as nickel and Inconel when n and kX (n=real part of
refractive index and k=imaginary part of the refractive
index) have a high nk product can be utilized in place of
chromium. Also in place of silicon dioxide having an
30 index of refraction of 1.46 for the dielectric, other low
index materials having an index of refraction of 1.65 or
less such as magnesium fluoride having an index of 1.38
and aluminum oxide having an index of 1.65 can be utilized
or even lowef reflecting metals, such as chromium, nickel
35 or palladium for example, can be used for lower reflecting
pigments. In place of aluminum as the metal reflecting
layer, the optical metals such as gold, copper and silver

can be utilized.



221 4) a, 10 deg. 70.22  -52.74  4.55 175.07 52.93 a, 45

deg. 39.29  36.13 -87.28 292.48 94.46 b, 10 deg. 56. 94

-53.73  5.39 174.27 54 0.8 b, 45 deg. 74.02  41.47 -11.9

343.98 43.14 55) a, 10 deg. 86.1  -21.62  0.36 179.06 21.62

a, 45 deg. WO 2 79 48.83 266.73 48.91 b, 10 RCHUSIIEH. 31

-24.08 1.4 176.68 24.12  2.38 b, 45 gdgg 80.28  22.17

~1.29 356.67 22.21 10 6) a, 10 deg. 44.03  27.44 - -3.71

352.3  27.69 a, 45 deg: also7§h@i§ld be &ﬁpﬁécla‘& 4.% degﬂ'r&i a@:laéfmﬁetrlc

10 deg. 79. 12 28, 3 i g £ r & k %i%% if
59.34  -62.60  dhekal 9iedsttEil, ‘F“i% e 9‘?""' gtac Gaae&e Pr%

49.94 -8.6 189 tHat5(iss7desireds dehen s¥PhOSis the 7@ases7the metal

392943 974é8db 1Pef‘fﬂct1ng6§a§%r :1794%a312 b% 7f¢§9ned18919)3ctﬂ9 ento the

. ; e

deg. 41.58 3930. %%feai? %Ye%fé’]é? §5‘5’% g’b“— glelegtﬂa? ﬁaygg Eégang the

69.56  16.73 58 ﬁmn feral s&meﬁabsparem; deetal 18gefl4l. 3Xt2Amustl 88

330.4 ° 37.06 19 7 8

h

34,08 9) a, 10 d Pec%%é%dwa‘% y@t -4 ghrs %ége@sg aigh, widh %%m?ived

87.08 ~ -29.95 72f¥om the web weuld prpduce an optical Néﬁlableaplwnt

50. 75

-18.6 339. 881t1541%er ciixdila than a flve-layer symmetrical stack but

10 would nevertheless have dichroic features, i.e., color
shift with viewing angle, and could potentially be used to
produce lower chroma pairs of pigments with a color match
at one angle and no color match at any other angle. These
pigments would be equivalent to those already described,

15 except that they would have lower overall chroma so that
the designs listed in Tables I, IV, VII, X, XIII and XVI -
would have chroma  compression around the origin of the
a*b* plot, but nevertheless would have essentially the
same color hue match.

20 If desired an all dielectric interference stack can be
provided where that is deemed appropriate where ¢the
additional layers typically required can be provided
without undue expense. As is shown in Figure 16, an all
dielectric interference stack 51 can be provided on a

25 release coat 52 carried by a flexible web or substrate 53.
Such a dielectric stack is comprised of alternate layers
54 and 56 with the low index layers being identified as L1l
through LS and having an index refraction of 1.35 to 1.65
and the high index layers being identified as H1l through

30 H4 having a high index of refraction of 1.7 to 2.4 for a
total of nine layers. A wide variety of low and high
index materials can be utilized in such a multilayer
stack. PFor example, zinc sulfide can be utilized with
magnesium fluoride and titanium dioxide can be utilized

35 with silicon dioxide. Other dielectric materials can also

" be used such as germanium, silicon, indium tin oxide,
indium oxide and silicon monoxide.
The design of an all dielectric stack may be expressed
as follows:
40 (L/2 B L/2)"



b, 45 deg. 73.08 -62.1 47.61 142.52 78.25 10) a, 10 deg.

62.04 -44.38 -23.12 207.52 50.04 a, 45 deog. 37.3 45. 43

-85.71 297.93 97 30 b, 10 deg. 49.09 -44.37 -23.42
207.83 60.17 -0.31 b, 45 deg. 61. 23 52.61 -34.86 326.47 63.11
11) a, 10 dey096/39385. 91 -3.46 -49.97 266.03 50.09 a PCT/USIG/RNMES

48. 12 10.55 -55.9 280.68 56.89 35 —34- b, 10 deg. 43.12
-3.06 -50.61 266.54 50.7 20.51 b, 45 deg. 68. 5 43.66 -6.27

351.83 44.118 VWeh 86é 393 ha H designate guarter wave optical thickness of

25 deg. - 5975 - yh8,40 AAR R tndey fayerdd rEfpettively e chih 2
-69.2 304.62 84.0gepresemts anqgighth wayg ppticad g@lcsnes§ °§9ﬁ§?'1°w

?%E E_?ASE) R Exanpildex Javer where n > TTABISucKY aT@EAL i DOPER St&EIERENCHe
(ELTAE) FOR B S N bl Ul s1°44' e i i bl
45 Deg. 1 describdd . argd reduced to the siges hereinbefore descrlbed

to provide platelets with an aspect ratio in which the
major planar dimension of the surfaces is at least two to
one with respect to ‘the thickness and preferably ten to
10 one to maximize brightness and color purity of the ink or
paint in which pigment platelets or flakes or particles
are to be used. Again it should be appreciated, that if
desired an asymmetric all dielectric stack can be created
merely by combining the first four layers L1 and L2 and Hl
15 and H2. '
. For example, in connection with the foregoing it has
been found that paired optically variable foils and/or
pigments with the same matched colors at 0° and 45° for an
all-dielectric design can be achieved in which chroma and
20 hue match. One design consists of (1 QW 2r0,/ 1QW Si0;)? /
1 QW 2r0, and an additional design: (1 QW Zr0, /3 QW 8i0,)*
1QW 2r0, in which the thicknesses of the quarter wave
ranged from 400 nanometers to 2500 nanometers. For the
single quarter wave design there are three possible
25 matched pairs at 0° two matched pairs at 45°. Conversely,
analyzing chroma and hue variation for the design (1QW
Zr0,/30W Si0,)3/1 gw 2r0, at 0° there are two color match
pairs at 45° and there are four color match pairs
achievable. Table XXI shows the dielectric pairs that

30 have a color match at 0° or at 45°.

In connection with the foregoing, it should be
appreciated that merely increasing the number of pairs of
the dielectric design does not make it possible to achieve
the coincidence of color matching. However, by increasing

35 the individual thicknesses of the layers, coincidence in
color matching can be achieved.



2 3. 36 20.30 3 37.40

29.41 4 13. 34 83.17 15 5

35. 89 55.58 6 35.11 94.28 7
0. 95 74.37 8 10.66 49.07 9
2.07 WO 96/393073. 08 20 10 1 2PCHFUS96/07485
56.66 11 22. 80 53505 12 8.75
22.01 Design pairs are fromthe 10[err] designs. Note: The 45 data shows
color difference at 45[err] for the 10[erriraBhE XXI color pairs. In

Tabl es XVI, XVII and XVi| 'ﬂfﬁkcﬁ%}ﬂi@?lﬁ% mgg_bﬁgea&h%qrtr agndi ng to

the designs in Tables IV throug except wth illumn at her than
illum nant A Graphical representations of these designs are shown in 30
Figure 13 and 14 i npafgi ch Figure Asseshows apedparaigence i col ops at @[ err]
and Figure 14 shows the matching of colors at 45; err]. _438\/\0 96/ 39307

{Zr0,/5i0,Z10, 0 Deg. 1 qw @ 495nm -6.41 83.61

PCT/ US96/ 07485 5 1 gw @ 1480am -45.25 -5.56 57.96
1 qw @ 540nm 33.6 50.83 90.95

1 qw @ 1680nm 33.75 54,24 75.20

(Z10,/5i0,250, 45 Deg. 1 qw @ 610nm 2663 5732 8897

10 . 1 qw @ 1860nm -26.7 55.05 73.70
1 qw @ 550nm -37.45 -1.47 83.25

1 qw @ 1630nm -39.42 -1.2 59.28

(Zr0,13 Si0,)*Zr0, 0 Deg. 1 qw @ 590nm 16.18 44.19 78.33

15 1 qw @ 870 nm 18.2 42.68 61.57
1 qw @ 615nm 43.49 17.89 70.62

1 qw @ 940nm 44.46 16.09 46.57

(Zr0,/3 Si0,)’Z10, 45 Deg. 1 qw @ 700nm 45.13 9.82 67.18

20 1 qw @ 1030nm 45.68 7.98 48.90
' 1 qw @ 760nm 304  20.84 55.39

1 qw @ 2220nm 31.32 -19.38 . 51.52

Thus it can be seen that metal-dielectric as well as
all dielectric interference thin films can be utilized in
25 the optically variable pigments utilized herein to provide
the paired optically variable pigments hereinbefore
described.
The optically variable pigments of the present
invention are inherently light fast. This inherency is
30 derived from the fact that the color that emanates from
the pigment is due to an interference effect and is not
based on any chromophore that can be bleached by
ultraviolet 1light. All the materials used in the
construction of the optically variable pigment do not have
35 any color or any chromophore and are, in fact, colorless
in themselves. For example,. the metals aluminum and
chromium are silver and grey and the dielectric magnesium
fluoride is water-white transparent.



-23- TABLE XVI PAI RED OPTI CALLY VARI ABLE PI GVENTS | LLUM NANT F AT 45[err]

1) 4 gw @ 597nm and 6 gv O 621nm5 2)
2 gw @57 6nm 6 gw @638nm 3) 3 gqw @ 566nm
6 gw @ 666nm 4) 5 gw @573nm 6 gw @698nm
5) 4 qw @ 555%96/39307 5 qw @677nm G)Cq""f (0748
475nm 5 qw @ 6&%am 10 7) 2 qw @
394nm 5gw @ 64nm8) 3 qw @608nm: -
5 qgw @627nm TABLE XVI | IROFFRWA UES, FOReEAVPEESHawTABLPadn of paireg+
b* h C* opticabPP! avdrildble &bvides ifcélatbratingd- e pBdsént

33.73 46.54 46.47 a, .45 deg. .82 - 45, 6,24 134 66 65. 02
b, 10 deg. 58.73nveniiiony 85, the 1egE-hand 5%?%‘1 %t,él Fl%%”%e’é’. 8‘%3.1
~44.8  46.61 133.8howAd4abEirstOos Gfe paiYed mptichllycyariabl§ dgvice 71

6.52 61.63 83.96 1619 . 1. Oore - 13. 26, Qodkef
31.46 b, 10 dgg. Snagprytie riginditha sidt 3.2"?31."?351;3%%?1“53"‘t)(él %"5 dgg::

82.27  -17.75 26apgthep3pajred) epticaldy,vamiables)deyice 73 Jth
35.02 43.33 .95@é9ice84749 atidd 723 mavingd ThicGame doldy at e Odtiewing

"2.29 354.55 24, 1gngle. Thus device 71 has a centrally disposed first or
inner optically variable device 76 in the form of a circle

10 seated within a circular hole 77 provided in the second or
outer optically variable device 78 in the form of a square
or rectangle. Similarly, the second paired optically
variable device 72 consists of an inner or first optically
variable device 81 in the form of a circle which is

15 disposed within a hole 82 provided in a second or outer
variable device 83 in the form of a rectangle or square.
The two devices 71 and 72 lie generally in the same plane
and are disposed side by side in relatively close
proximity to each other. The device 76 in the form of the

20 circle in device 71 and the device 83 in the form of =z
rectangle carry the same optically variable pigment and
similarly, the device 78 and the device 81 of the device
71 and the device 72 respectively carry the same optically
variable pigment.

25 Thus by way of example as shown below, the pigment
carried by the devices 76 and 83 can carry a pigment which
shifts from green to magenta and devices 78 and 81 can
carry a 'pigment which shifts from green to blue. When the
devices 71 and 72 are at one angle both devices 71 and 72

30 can have the same color of green whereas when the devices
71 and 72 are shifted at an angle, the devices will have
two colors, magenta and blue with device 71 having a
magenta center and a blue border and conversely the device
72 will have a blue center and a magenta border.



b, 10 deg. 50. 72 -28.44 2.8 174.39 28.58 b, 45 deg. 79. 81

24.6 -2.59 353.99 24.74  0.56 30 4) a, 10 deg. 45. 06

-20.31 -40.84 243.56 45.61 a, 45 deg. 66.06  47.12 -16.88

340.29 50.05 b, 10 deg. 63.59 -52.86 -4.05 184.38 53.01 b, 45
deg. 68.27 WO®B3®7 ~17.36 340.07 50.92  0.22 5) a, PCOUSMH748S
87.84 -11.09 92.92 96.81 93.68 35 —37- &, 45 deg. 64. 39
-43.16 -17.6 202.18 46.61 b, 10 deg. 82. 22 5.43  9.35

59.86 10.81 b, 45 degIn cohrestion Wit &he dptidalBPVab4abib. déviced), G4
WO 96/ 39307

* PCT/ US96/ 07485 - 24- i§) Pgssible, fa,take patgpes of fhe oppigally,yaplable
23.19 a, 45 deg.  piemesss whiehoy VAry)slighlyoin hnesens. blend dhe same

81.49  -29.72 3743/ adrBewd thHé (§7anlé cédbofledpeciftiatilon ins- ﬂ%dtfh'il&
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deg. 79. 83 - 42 %9 proyidel a naltidtudepfmdditithadegolors4sfOdesired.

10.35 "-53.08 281.04 543Q3 in Qc&rda"mce Wik Ge greé@n@SinVéﬁ@.LJx@ in the

égg %g 527721 63. 6egve%1 there is color megamerlglg at a cex;ta:m cos.lor under

a desired illuminant and if is desired to achieve an exact
10 color match, this can ‘be achieved by adding color used
subtractiveiy or additively to achieve an exact color.
In Figures 18, 19 and 20 there is disclosed another
embodiment of a paired optically variable device 91
utilizing paired optically variable pigments incorporating
i5 the present invention. The optically variable device 91
.is mounted on a substrate 92 of the type hereinbefore
‘described having a surface 93. An optically variable
device 94 has an optically variable pigment in the form of
flakes 96 disposed in a solidified clear vehicle 97 on the
20 surface 93. 2Another optically variable device 98 which
utilizes an optically variable pigment 99 is disposed in
a clear solidified toner vehicle 101 on surface 102 and
provides a symbol or message which for example can be in
the form of a logo 106. The symbol or logo 106 disappears
25 at one angle of incidence with the optically wvariable
pigments 96 and 99 having the same color as for example
green so that the symbol is masked at normal incidence but
appears when the device is tilted to a different angle to
cause color shifts to occur as for example a color shift
.30 from green to blue with one pigment and green to magenta
with the other pigment. ' Thus by way of example there
could appear a green square at normal incidence and at an
angle, the symbol 106 would. appear in blue on a magenta
background as depicted in Figure 19.



b, 10 deg. 72.05 -67.21 51.64 142.46 84.75 b, 45 deg. 45. 64
41.56 -63.88 303.04 76.21 0.18 TABLE XVII1 TOTAL COLOR DI FFERENCE
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other words. unfer SHE PPLAFASRE FHBIS N e sy lopho teoPHFERGE B hnclbes
under anot her il | unisymbolt oer dogay106 lLisngbenbfonmedxant thel surface cof the
Thus there is agodqhekieaClfiefy veiicie 3% py VaRfddd Aans) | $tkBAWNLES
color metanerism el.’L‘rll.h\élreVerggted onto the surface 102 or it can be imaged
using a toner by means of electrophotography. In case of

10 the electrophotographic 'process, a toner that may be clear

or black can be provided in the form of an image or

symbol. Once the toner image has been formed on the

surface 102, the image is then dusted with the other

optically variable pigment 99 of the pair. This dusting

15 is known as a "bronzing technigue". In accordance with

the description above, the optically variable pigment 99

can be a green-to-blue shifter. Ih order to fuse the

optically variable pigment 99 to the toner vehicle image,

the device is overlaid with a layer of flexible sheeting

20 and passed through a heated laminator. This causes the

toner to melt and to allow the overlying pigment 99 to

become embedded in the toner vehicle 101. During the

process of 'melting, the planer platelets align themselves

parallel to the surface of the device, i.e., the surface

25 93. After passing through the laminator, the flexible

sheeting is removed from the solidified toner image. No

sticking of the toner to the flexible sheet cccurs because

pigment is between the toner and the flexible sheet.

Alternatively, the logo 106 could be printed using

30 gravure, silk screen, intaglio or other printing methods.

another embodiment of a paired optically variable

device is shown in Figures 21, 22 and 23 in which the

paired optical device 111 is provided on a substrate 112

which can be of a suitable type. It can be flexible or

35 rigid and can be formed of cloth, paper, plastic and the

like. The substrate 112 is provided with an upper surface

113 which has first and second optically variable
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Table 111, exanple 1 gives the | owest color difference of 1.92 whereas
exanple 6 gives the highest color difference of 29.63 for designs for

mat ching colors at 10[err]. Table VI for matching colors at 45, the m ni num
color differenawo963938s 2.52 for exanple 1 and the maxi mum col mrrroiséomBEnce
is 27.77 for exanple 5. Simlar analyses can he carried out for Tables IX,
XIl, XV and XVIl11, to give a m ninmm of 4.49 d a maxi num 30.21 for Table

| X, a mininmmof 4, g@Xﬁ? alifgth-imﬁ% ?d:TéHosEQb'ﬁae?rﬁéon.a ”?mg!é THEY cde iﬁg

a 10 maxi mum of 3 m ni num o max|. num o
32.8 for Table XVIIPnd84ﬁ7léFFylntﬁﬁedg?ﬁml?ﬁ1?ﬂﬁ¥5941Klﬂ45hﬁ?1ﬁvﬁPF1§aﬁlﬁe
anal yzed to ascer Thenoptiealpivaadakiestgnices mds andhai?| areriplaced Apofs

and F as set forth b E
XI X TOTAL COLCR DI F EE%&E%@ h’%f&g é% %ﬁ?ﬁﬁllﬁé’yplfﬁﬁﬁﬂﬁpﬁh
DI ELECTRI C TH CRNESRO¥REERMPENRRY| showyn)aMikich pare ¢n xegistrabgon papte a
L. Angl e Delta Bot matt¥Eebtgns Asanth 2the previous embodiments of the

invention, the foils utilized in the devices 116 and 117
are of substantially the same color at the same angle of
incidence and are of different colors at all other angles
10 of incidence. Thus, as in the previous embodiments, one
of the foils could shift from green-to-blue and the other .
one could shift from green-to-magenta so that at one
angle, the optically variable foil in the devices 116 and
117 have the same color as for example green and at
15 another angle the optically variable thin layer coatings
in the devices 116 and 117 have two different colors, blue
and magenta. In the dot matrix shown in Figures 21 and
22, the dots 116 utilized in the device 111 can be of a
green—-to-blue shifter whereas the dots 117 can be the
20 green-to-magenta shifter. These foils can be made either
by placing optically variable pigment flakes into a hot
stamp polymer £ilm carried by a release coat on a flexible
substrate or by placing multilayer optically variable thin
film coatings serving as optically variable specular foils
25 carried by a release coat on a flexible substrate. Thus in
the hot stamp matrix transfer shown in Figure 21 at one
angle, all of the dots have the same color whereas in
Figure 22 at a different angle, the pattern of the dots
which make up the numeral 20 are formed of the green to
30 magenta shifter so that when the angle of incidence is
- changed for the paired optically variable device 111 the
dots on the substrate 112 will change from an all green °
color to a blue color for the background and to a magenta
for the numeral 20 to provide a good contrast so that the
35 numeral 20 can be readily seen by the human eye. With
such an arrangement it can be seen that symbols, numerals
and other devices such as a logos can be incorporated into :
the optically variable devices to aid in identification
and also to provide anti-counterfeiting capabilities.
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optically variable devices of the present invention all
utilize the same principal of having two interference

10 designs having opticallir variable properties and that the
paired optically variable designs have the same color at
one angle of incidence and at all other angles have non-
matching colors. Thus, in the case of pigments, it can be
seen that even though it is difficult to even replicate

15 one of the pigments with its color shift, to provide a
pair of pigments in which the pair of pigments have the
same matching color at the same angle would be much more
difficult to replicate. Therefore the use of paired
optically variable pigments contained in a printed image

20 would make counterfeiting very difficult if not
impossible. In accordance with the present invention it
should be appreciated that these paired optically variable
pigments can also be paired with another pair of optically
variable pigments or paired with non-shifting pigment.

25 Also, one interference optically variable pigment can be
paired with a non-shifting pigment so that the non-
shifting pigment matches the color of an optically
variable pigment at a certain angle. Thus by example in
Figures 21 and 22, the dot matrix can include a set of

30 dots in registration having a pigment which is in the form
of a non-shifting color which matches the color of a
shifting pigment, as for 'example green, so that the
composite would have an overall green color at one angle
and at different angles there would be a number 20 in

35 magenta against a green background.

l.




angle. Simlarly, the exanples have been selected for the 10 = best two

color matched pairs under Illumnant C and simlarly for Illum nant F under
the two different orientations. Using this criteria the best overall design
pair was found under Illum nant F at 45[err]. By reviewing Table Xl X, the

col or differencwobesssvhe pair: 2 gqw at 394 15 nanomnet er s andpérosve®y4ss48
nanoneters has a [err]E at 0.53. In Table XX s ‘g%_forth bel ow, the two
design pairs selected in TabI e XI X were anal yz to ascertain whet her or

not a color match still IS d r il di:‘%{&a}

t hose designs are forcegi‘1 fon f&% ﬁgltrl\t E r;‘(%;Sor Eh f? erence |n
terns of [err]Eis W&G’-&Eeﬁnﬂh%éﬂ‘q PlggeﬁFaf&‘&f’%G@td Fhegwephastcoodor
has a value of onlychahge whth ahgbehasebaernfdurat wilthnthaemdiesl qislectiric
~optically variable pi E‘Wi i erraLéh'e'f At WithS 2 aacﬂd dﬁ[%%t%i@' fd‘e%fégﬁg :
illummnation the coI mat C I'S no onger_an exact or match. er
pai red desi gns Wer e BAViHYY TR FAMR] HURRERT é?fen:'eal(?#%m n&pis 4§ besapge the

effect in their [ermblkadol caidiédernmncedastighsdi s datoivieas Setsctiimll alcodon
;?:.?.} 6579%(/ 07 48\5/\0 2675/ %%BQrpticn in addition to interference. The pigments
display high chroma and hue changes with viewing angle

while maintaining high luminance. The gamut of colors

10 avallable to suppress counterfe:.t:.ng is markedly

increased by the use of paired optically variable devices

in accordance with the present invention.
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disposed in the first optically variable device and a
second optically variable pigment disposed in the second
10 optically variable device, said optically variable
pigments having the same color at one angle of incidence
and having different colors at all other angles of
incidence.
2. A device as in Claim 1 wherein said one angle of
15 incidence is a low angle of incidence. '
3. A device as in Claim 1 wherein said one angle of
incidence is a high angle of incidence.
4. A device as in Claim 1 wherein said first ana
second pigments are disposed in an ink vehicle.
20 5. A device as in Claim 1 wherein said first and
second pigments are disposed in a paint vehicle.
6. A device as in Claim 1 together with a release
coat carried by the first surface of the substrate and a
hot stamp polymer film disposed over the release coat,
25 said first and second pigments being disposed in said
polymer film to form first and second foils.
' 7. A device as in Claim 1 further including
additional first and second optically variable pigments
carried by the substrate, additional first and second
30 optically variable pigments having the same color at the
same angle of incidence but at an angle of incidence
different from the color match angle for the first named
first and second optically variable pigments.
8. A device as in Claim 7 wherein said additional
35 first and second opﬁically variable pigments have a
different color at another angle which is different from
the color of the first named first and second optically
variable pigments at another angle.
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11. A device as in Claim 1 wherein said other angle
of incidence of the first and second optically variable
pigments is at an angle of incidence of 30° and greater.

12. A gdevice as in Claim 1 wherein said optically
variable pigments have the same color with an illuminant
at a temperature of 2856° Kelvin.

13. A device as in Claim 1 wherein said optically
variable pigments have the same color with an illuminant
at 6770° Kelvin.

14. A device as in Claim 1 wherein said optically
variable pigments have the same color with an illuminant
having a temperature of 4200° Kelvin.

15. A device as in Claim 1 further including a
symbol, said symbol being formed by a predetermined
arrangement of the first and second optically variable
pigments.

16. A device as in Claim 15 in which one of the
first and second optically variable pigments is in the
form of a symbol and the other of the first and second
optically variable pigments is in the form of a background
and in which the color of the symbol matches the color of
the background at a given angle.

17. A paired optically variable device adapted to be
viewed by the human eye comprising a substrate having a
first surface, first and second optically variable devices
carried by the first surface of the substrate in spaced
apart positions on the first surface of the substrate to
permit viewing at the same time by the human eye, a first
optically variable spécular foil disposed in the first
optically variable device and a second optically variable
specular foil disposed in the second optically variable
device, said optically variable specular foils having the



S

il LT ———

PCT/ US96/ 0748% g. 1. F Dedi ( EEN Al 5A1
65. 98 -70.89 -18.99 195 73. 3-8{'8 Rggzgé%% 65. 84
-63. 36 8. 09 wodgsessr 63.88 2 5A 55. 32 pcrdsoblidiass

5.11 55.54 22.70 5 5A2 68. 99 53.67 -17.69
341.76 56.52 45 Deg. I11. F Design ‘(known) uidér A 1 5A1 . 35.45
-7.52 -26.69 254. 2é018x atsgn Aarﬁﬁ% of 1nc1&§n a habis di.%feflgnt
282.26 55.76 2 %Afe 138. 06 66

111.57 10 colorssab afl °th%’© 4551 es °§01281§eﬂ%331 342. 09 53.02
10 Deg. IIl. F Design (kmgewn)aupamiaredC dpticadly variable deMice cofifrifing a
54 o 2 dey O SBungprandthdVimif R siret alftaly, £ivaf dq sectn® a*%% fi5
4C2 64. 5% degices cappied bysthefirsd smrface.@f the spbgkEsate

g kggwg)czunder C éz spaded o art%ositionsl%xiztfe46f8tst28é>urlface 6@ 5ﬂ.he
46. 92 39. 28 136 f)?\bsggal}ﬁ @Z &ﬁm% vx%%?né at Zhg %ne tﬁn% by the huxZar?

eye, said first optical device being an optically variable
device, a first optically variable pigment disposed in the

10 first optical device and a non-shifting pigment disposed
in the second optical device, said optically variable
pigments having the same color at one angle of incidence
as the color of the non-shifting pigment. .

19. An optically variable device which is adapted to

15 be used with another opticaily variable device for viewing
at the same time by the human eye, said another optically
variable device being formed by a single optically
variable multilayer thin film interference stack having a
structure and exhibiting a color at one angle of incidence

20 and different colors at all other angles of incidence,
said optically variable device comprising a single
optically variable multilayer thin film interference stack
having a structure which is different from the structure
of the single optically variable thin film interference

25 stack of the another optically variable device and which
exhibits a color which is the same color of the another
optically variable device at the same angle of incidence
but which is of different colors for all other angles of
incidence.

30 20. An optically variable device as in Claim 19
wherein the color exhibited by the ‘single optically
variable multilayer thin £ilm interference stack can be in
reflection or transmission.

21. A method for creating a paired colored

35 reflectance for viewing at the same time by a human eye
from a substrate having a surface with paifed first and
second - optical devices thereon having colored pigments

therein,the first optical device having an optically
I —
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65. 7 60.89 -25.17 337.54 65.89 In the
event thumlmm’umgﬂ vent lon is utilized for preparing optically
vari abl e pi girertt st os be* used with cur Y SHEEP nt .
counterfeiting, it shoul d be a;}pr emﬁ&%‘ﬁi hk- not e exchange is
nost |ikely towahke3sde pl ace under L_caaql OiPescent 1 0 HOTNG 9667485

typically found in banks and retail stores I s therefore believed that
design pairs should be utilized which have matcsnl ng col ors WO 96/ 39307

PCT/ US96/ 07845 - 30- vapﬂsﬁlﬁugb éﬂ@tlm Oc.rhee)ﬁi:lmc%lll lmﬂéﬂieF pignaft
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at 648 nanoneters. Ehe same /&diuzuglt the st gingla ofi incidenue @eothe color
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t he best overall de5| gn si_gn, at anorreters

much of an opti 2al SHPfPa ¥ed opticalsgeviges fHam & Adohb YR §01 8hak dthe,
Thi's design pair, |phtred dpticdl-deévizes réf2éctoele heane Toloyecagesstd Odne

col or “at 10[err], bybaiLe Ghaen dehocoldla aleldit. 41 AN SRS i S

smal |l . Thus, a prefer sign palr vvou
other angles of incidence.

22. A nmethod as iﬁ Claim 21 together with the use of

10 an additional paired first and second optical device on

the surface of the substrate which also can be viewed at

the same time by the human eye as the first named paired

optically variable devices, the method further including

causing the additional paired first and second optical

15  devices when illuminated from the same light source to

reflect colors at said one angle which is the same as the

colors for the first named paired first and second optical

devices at said one angle and different colors at other

angles which are colors different from the different

20 colors of the first named paired first and second optical
devices.

23. A method as in Claim 21 wherein said second
optical device has a non-shifting pigment, the method
further including the step of providing a non-shifting

25 pigment which is the same color when illuminated from the
same light source as the color reflected by the first
optical device.

24. A method as in Claim 20 further including the
step of arranging the first and second optical devices to
30 provide a symbol which is invisible at said one angle of
| incidence and which 1is visible at other angles of
. incidence.
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whi ch has the designs five quarterwaves at 573 nanoneters and six
quarterwaves at 698 nm Both of these designs 15 have substantial color
shift with angle. They are widely separated in color at 10[err] and have a
fairly good color match at 45[err]. It can be seen by referring to Tables

M, V, VIIl, XwosseIind XVII that the color match in terns oPCRUS96/03485f Or
20 all practical purposes, an exact match. The [err]E

di fferences for the various design pairs dgtshown in Tables 111, VI, IX
XI'l, XV and XVII1 are a consequence of slight variations of brightness, L*

and in chroma, C*. These color variations can be mnimzed by adding a

bl ack 25 or neutral transparent pignent or nontransparent pigment to the
desi gn of the pajy Wwhich has the highest chroma and blight ness val ue.

The addition is until the brightness and chr are matched to the
| ower chroma and bri ght i i ~design pairs can
30 be optinized for col ti orfoleiec(at O)
col or nmodi fying materi al pnAe utilized in
conjunction with the opti Figure 1 in
which paired optically v nose principles
can be incorporated into

, . . devi
18 shown therein and whigh can be / ;M%éﬁ7(61p 0)

v L ;
2/ 2
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a paint with the appropriate vehicles for the pignents. -31- To achieve
M gh color saturation and to have |arge color travel as a function of
view ng angle which is desired in connection with the present invention,
interference type pignents are utilized. In such 5 pi gment s,
metal diel ectriWO®a39807 dielectric interference stacks are ut iPCTAISS6/07A85
typical netal dielectric asymmetric interference stack 31 as shown in
Figure 15 is formed as a sheet on a sol ubélY el ease | ayer 32 deposited on a
flexible web 33 10 serving as a substrate. The nultilayer interference
thin filmstack 31 .can be renoved by pas?'FEg V\Ze web or substrate through a
sol vent bath. As the soluble release |ay 9 i1spQbves, ‘the thin sheet of
interference film 31 di sBOtegrad3d&2 nto a npltitude of fl akes. Si nce the
0 15 flakes have’'two planar surfacesf it ys desirable to provide an
optical design for the ngdtilayer interferepce stack or filmso that it is
symmetric and presents the sane desi ght1&2 epch sideT Qf_f&é collecting the
fl akes and washi ng themj'? free tshem of -relfpase material, a pignent 20 is
produced by grinding the Tlakes tob&al&Rae rhngi g4 gom
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2 to 200 mcrons and preferably a size ranging from2 to 20 m crons by

grindi ng or

fl akes. The fl akes shoul d have an aspect

pul verizing w thout destroying the color characteristics of the

ratio of at least 2 to 1 with 25

respect to the surfaces of the flakes and the thicknesses of the fl akes and

preferably 10 WO96/39387 or der to preserve.

the correct particl PEHVIHOHE? on

when they are placed in the desired vehicle for an jnk or a paint to

maxi m ze the brightness and col or puri ty3¢i1 the ink or pai nt .

in accordance with the present inventi
symmetric netal
conprised of only threel@fterials and 7+ €]
dichroic optically variable opague pignent
sem - opaque netal layer 36 which is * {rred
by the flexible web 33. The layér 36°(s fo
a thick netal reflectingggpayer 38 an t\her-
96/ 39307

thin sem -opaque netal |ayer 41. For

30 -
WS desirable to utilize a

Thus

dielectric stack 31 as s ovvn i ig-fi gure 15 which can be

"l ayer sg1y0 produce a strongly

t is conprised of a 35
on the reflease coat 32 carried
Iowed bty a dielectric layer 37,
cgflec;rlc l'ayer 39 and a WO

§uctfl'/ US%6é07485 -32- final
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variable foil), only three | ayers are required. These three | ayers would
consi st of: 36, 37 and 38, as shown in 5 Fi gure 15. In this form the
| ayers 36 and 38 are inverted. When the nultilayer thin filmis separated
fromthe rel ease coat 32 and the flexible web 33 and attached by neans of
“an adhesive t V@38 er surface, the layer 36 faces the vi e&TTUSINEYES, 5y
of exanple each of the thin 10 net al I%yers 36 and 41 may be forned of a
nom nal five nanonmeter thick |ayer of /thronium and each of- the
dielectric layers 37 and 39 can be fornmed froma suitable dielectric
material such as silicon dioxide to an LI t hi ckness of a plurality of
hal f waves at a particular 15 desi gn vvave!'l ength. The netal reflecting
| ayer 38 may be fornmed adoa Isa;{g{z of al um imform&d-t&ﬁthe t hi ckness of

0 pro

approxi mately 80 nanoneters’t vi de opacjty ang”hi gh reflection.
Al t hough a | ayer of reflggting |metal gafzr ter-‘t’M&%g can be utilized,

it is believed that it 2 islpreferable tp ninmfize the stress in this
| ayer by providing a thip.layer ag.q@d) as Lo maintain the correct aspect
ratio‘for the product when in the fqrmlof alpigment. Vtl&houl d be
appreciated that the materials nentipned 25| are by yay of exanple only
and that other grey net aQ such as ni\ckel &fpd | nconel n and k (n=real
part of refractive i ndex and®REEMagi nary palt of the/ref tive
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-20 T "
.40 6-1&2 .t
-60 9“&2/ T 8182
/
4 -
-80 BLUE 10-1&2
-80 60 -40 -20 0O 20 40 60 80
a*
FIGURE 7
YELLOW _
100 T 7_1‘10-2
2-1
2-282 ¢4 1 I/ 8-1
72 \ \ v 10-1
650 l \ T 9.2
l-q— 1’2

s
5-2
GREEN . / RED
b* O & ; Lt :

-50 ,/ 1 = =32 \
41 [ \ 6-2

| ) \ — -1
4-2

-1 9-1
100 51 piug
-100 -560 0 50 100
a*

FIGURE 8



i ndex) have a high nk product can be utilized in place of chrom um

i'n place of silicon dioxide having an 30
the dielectric, other
1.165 or

| ow i ndex materials having an index of
| ess such as magnesi um fl uori de having an index of 1.38 and

Al so
refraction of 1.46 for
refracti on of

i ndex of

al umi num oxi de W963987an i ndex of 1.65 can be utilized or eveRCTHRRH07485

reflecting netal s,
can be used for
net al
can be utilized.

PCT/ US96/ 07485 - 33-

such as chrom um nicke
Iomer
reflecting | ayer,

35 or palladiu
reflecting pignmentss/tdn place of al um
the optical nmetals such as gold, cop
WO 96/ 39307

It al so shoul d be aag%égy%ted if desired,

m f or exanpl e,
num as the
per and sil ver

an asymetric
i s desired.

metal dielectric interfdP@nce stack cél be? provided i f that
When such is the case, the neBa2 ref] ettipd lga
onto the 5 rel ease |layer fol] owed -bhe

nmet al

sem transparent netal Ij&er 41

yer 37 can be fornmed directly
di Iectrlc | ayer 39 and the thin

t be %gﬁreC|ated t hat such a

oduce an optically

three-layer design when ggnovegd frdm
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10 woul d neverthel ess have dichroic features, i.e., color shift with

vi ewi ng angle, and could potentially be used to produce | ower chroma pairs
of pigments with a color nmatch at one angle and no color match at any ot her
angl e. These pignents woul d be equivalent to those already described, 15
except that tH®@96BMT have | ower overal| chroma so that the BV st o

in Tables I, IV, VII, X, XlII and XVI would have chroma conpression around
the origin of the a*b* plot, but neverthd&/&ks woul d have essentiatly the
sanme col or hue match. 20 If desired an all dielectric interference

stack can be provided where that is deened appropriate where the additional
| ayers typically required can be provi de%b&gut undue expense. As is
shown in Figure 16, an all diel ecigpc int crence stack 51 can be provided
on a 25 release coat 5BQarried py a flexiPple welh_pgosubstrate 53. Such a
dielectric stack is conprised of alteB&2 |jaye¢s 54 and 56 with the | ow

i ndex layers being identigded as L{ thrugh+4t5 and havi ng an i ndex
refraction of 1.35 to 1.65 ang_§g¢=highiind | ayers being identified as Hl
t hrough 30 H4 having a 4pgh 1 ndex o fraction of 1.7 to 2.4 for a total

of nine |ayers. A wi de variety\of G / .nd hi gh i nde%_mberi al s can be
utilized in such a nultilgyer stack. For anple, zjync sulfide can be
utilized with nagnesium f u%rd&ﬁ nd tiytani um di oxi}gcaﬁEBe utilized
b* O § R t .’5‘ y !
L
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35 wth silicon dioxide. Other dielectric materials can al so be used such
as germanium silicon, indiumtin oxide, indiumoxide and silicon nonoxi de.
The design of an all dielectric stack may be expressed as follows: 40

(L/2 HL/2)[err] WD 96/ 39307

PCT/ US96/ 07485 W3%6/39Tere L and H designate quarter wave opti PET/USHI48SesS
of the low and high index |layers respecti V&% such that L/2 represents an
ei ghth wave optical thickness of the |ow index |ayer where n > 2. .Such a
multilayer stack can be 5 separated fromthe web 53 in the sane manner
her ei nbef ore descri bed and reduced to the sizes hereinbefore described to
provide platelets with an aspect ratio in Y#OMWt he maj or pl anar di nension
of the surfaces is at |leagjggwo to ongyith cespect to the thickness and
preferably ten to 10 one to nmaxg @i ze brightijness and color purity of the
i nk or- paint in which pigment platél e’s2gp fllakes qr particles are to be
used. Again it should be appreciated, that if dest 288 an asymmetric all
dielectric stack can be created nepel ylb condining uhe first four |ayers
L1 and L2 and H1 50 » T
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15 and H2. For exanple, in connection with the foregoing it has been
fround that paired optically variable foils and/or pignents with the sane
mat ched colors at O[err] and 45[err] for an all-dielectric design can be
achieved in which chroma and 20 hue match. One design consists of (1 QW
ZrOo[err]/ 1QN SNQPeBMpj[err] / 1 QVZrJerr] and an additi onal PCRAS96A748% 1
QVZrJerr] I3 QVSiJerr])[err] 1QNZrCIerrl I n which the thicknesses of
the quarter wave ranged from 400 nanonet e®{1t o 2500 nanometers. For the
single quarter wave design there are three possible 25 mat ched pairs at 0
two matched pairs at 45[err]. Conversely, analyzing chroma and hue
variation for the design (1QNZrQ2/3QNVWSiJerr])[err]/1 gw ZrQ2 at O[err]
there are two color match pairs at 45[err] and there are four color match
pai rs achi evabl e. Tabl e XXI shows the dielectric pairs that 30 have a

color match at O[err] or 4| P 10114 L1 B B M A e A A= s |
shoul d be appreciated thatfj nefely increasing the nunber of pairs of _ij_e_39
dielectric design doe§ ' : Sk bl of
col or matching. Howev®r, bl i | the individual thicknes 8
the | ayers, coincidence infcofjor matching can be achieved. —t37
——32
—4—-33

FIG 156
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XXI
Angl e Design Pair
0 Deg. 1 qw @495nm

1 qw @ 1480nm WO 96383025
1 gw @1680nm
Deg. 1 gW@610nm
1 gw @1860nm
gw @ 1630nm

Deg.
@870 nm

-39.42 -
18.2 42.68

940nm 44.46 16.09 46.

b*
-6.41

a*
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PCT/ US96/ 07485 -35- TABLE

Dielectric Pairs That Match Hue and Chroma at Angl e Design

L* (Zrerr]/Siderr])[err]Zr(err]

83.6

57.96 1 qw 0 540nm
33.75 54.24 75.20 (Zr
-26.63 57.32
-26.7 55.05 73.70 1 gw @550nm
59.28 (zZrgerr]/3 Sigerr])[err]Zrderr] . O
1 qw @590nm 16.18 44.19 78.33 15

Fozdt 78 S e P d

88.

15
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descri bed. The optically variable pignments of the present

bnherently light fast. This inherency

the color that emanates fromthe pignment

is 30

i nvention are
derived fromthe fact that

is due to an interference effect

and is not based on any chronophore that can be bl eached by ultraviol et

i ght. Al'l wowswnterials used
vari abl e pi gnment do not have 35

fact, colorless in thensel ves.

in

t he construction of PEEUSHSOI4al | y
any color or any chronophore and are,
For exaggy¢, the netals al um num and

in

chromium are silver and grey and the dielectric magnesiumfluoride is

wat er-whi te transparent.

WO 96/ 39307

PCT/ US96/ 07485 -36- In Figure 17, there is shown a pair of paired optically

vari abl e devi ces incorporating the present
rst_or_one

of Figure 17 there is shown-a fi

i nventi on.

On the | eft-hand side

aired optically variable device
71 5 , and on the right-hand sidel there i gphopn a second or angther paired
optically variable device 72 with both dev#ces 41 and 72 having fthe sane

col or at one view ng angle. Thus

or !

Hevi T

i spdsed first.
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i nner optically variable device 76 in the formof a circle 10 seated
within a circular hole 77 provided in the second or outer optically
variable device 78 in the formof a square or rectangle. Simlarly, the
second paired optically variable device 72 consists of an inner or first
optical ly variwoleesssevi ce 81 in the formof a circle which i sSPAHUSYAT4EHosed
within a hole 82 provided in a second or outer variable device 83 in the
formof a rectangle or square. The two déMftes 71 and 72 lie generally in
the sane plane and are disposed side by side in relatively close proximty
to each other. The device 76 in the formof the 20 circle in device 71
and the device 83 in the formof a rectangle carry the sane optically

vari able pignment and simlarly, the device 78 and the device 81 of the
device 71 and the device 72 respectively carry the same optically variable
pi gment. 25 Thus,@y way of _exanpl e as shown bel ow, _.{he i' ment
carried by the devices 7 hnd 831dé carry a pignment mhilﬂ shi from
green to magenta and devifkes 78 arfjd 81 can carry a pignent which shifts
fromdreen to blue. Wen ¢he devides 71 and 72 are at onej]angl evboth
devices 71 and 72 30 Y Y7 Y Yane Y §r of gr qeNEaED i
devices 71 and 72 are ~“’2’2&2&3’%*2’$’2’%‘t devi ceg é:rk?";@
col ors, magenta and bl peCmir-Qeli-CrnCrdr-K )
border and conversely
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Sc&enter and a nagenta border WO 96/ 39307
PCT/ I n connection wiil varl t
i & zﬁﬁm Mbatches of the |OHIS GHEEY HAS BBEN ¢ pd 5%[&?@485
vary and bl end the |same REPIAQEDeve the s PgA[U IZea R797
specification in production 5 gquantTtresT—Arso;Tof or additive t

‘makes it possible to provide a multitude-ofi-additional colors if desired.

Al so in accordance with the present invention in the event there is color
netanerismat a cefeaiachdever higlercelaelessatdratiomi andt tanchave i dadasi red
to achieve an @Ak lPravép! Qs HL ‘f{lnc{:'ﬂbﬁ AN PRy e&ﬁelgy vﬁﬂ@hnglém or

used subtractively or_ additively to achieve an exact col or. gures 8,
19 and 20 theréeﬁér&f“scll&eo" Hon nifptenther BreseRtd 6’@1’?’& }P8.
vari abl e devi cdntériierrenzengtypper egignéntal | araaru'abliez@dgrrentsn such

I ncor por at in Y ce 91
i s mount edbog §§gm BL?rét Eg%f qi{%&l{:‘ype re}g'ﬁnga%%%gk égcgﬁg %a%ﬁ#
surface 93. Atagksi agel ytidiredt e device 94 has an optically vari abI e

pi gtrrﬁnt in the forgm eypilcaliesn@Patli F1QAQetrica SnnmbtriRd ¢hearrypdhsde 97
on e

stack 31 as shown in Figure 15 is formed as a sheet on a
soluble release layer 32 depésited on a flexible web 33
10 serving as a substrate. The multilayer interference thin
film stack 31 can be removed by passing the web or
substrate through a solvent bath. As the scluble release
layer 32 dissolves, the thin sheet of interference film 31

- disintegrates into a multitude of flakes. Since the

. 15 flakes have two planar surfaces, it is desirable . to
provide an optical design for the multilayer interference
stack or film so that it is symmetric and presents the
same design on each side. After collecting the flakes and
washing them to free them of release material, a pigment

20 is produced by grinding the flakes to a size ranging from
2 to 200 microns and preferably a size ranging from 2 to
.20 microns by grinding or pulverizing without destroying
the color characteristics of the flakes. The flakes

' should have an aspect ratio of at least 2 to 1 with

25 respect to the surfaces of the flakes and the thicknesses
of the flgkes and preferably 10 to 1 in order to preserve
the correct particle orientation when they are placed in
the desired vehicle for an ink or a paint to maximize the
brightness and color purity of the ink or paint.

30 Thus in accordance with the present invention it is
desirable to utilize a symmetric metal dielectric stack 31
as shown in Figure 15 which can be comprised of only three
materials and five layers to produce a strongly dichroic
optically variable opaque pigment. It is comprised of a

35 semi-opaque metal layer 36 which is formed on the release
coat 32 carried by the flexible web 33. The layer 36 is
followed by a dielectric 1layer 37, a thick metal
reflecting layer 38, another dielectric layer 39 and a

AMENDED SHEET



20- -su%%aee—gs—_qmuuiuﬂ optically varlable device 98 which utilizes an

optica rlable grrent 99 is dlﬁpgs-ed:n \,lcé oli 07485
o i 2?%*’{3;9?*3285%@%?%5“; BERLES A7

at one angle of i nci dence with theopticarly variabl e plgnents nd
99 havi ng the sane color as for exanple gd4@en so that the synbol is nmasked
at normal incidence but appears when the device is tilted to a different
angl e to cause Lgécur as for exanple a color shift 30 from
green to blue with one pignent and green to magenta with the other pignent.
Thus by way of exanple there could._.ap uare at no
i nci dence and at agqang@é ﬁﬁﬁ?ig cgigg NB% %TﬁpBEXECFnCBPaﬁlﬁh"% a
magent a backgr swidtaaatgephaving i a ExgsﬁasﬁrfaceVWh66E3Q3t7and second
PCT/ US96/ 07485 hG gl b C nyb n ed in

op%%llzle praaniy viriabia {asv@egg BoPdi ? aDBa FRNUL2EL g o

a nunber of wa exa he optica vari a

thi s exanpPe c e fige eﬁ“trcfaﬁ&gé?ﬁ a }éﬁt FBQFFy’aVar |1é’bI%P§ﬁ%EﬁPa§B

\_1\_/(r)lul d be pl aceppogitionze BDtholt | 6deriapi dnvetlic! £iPdt OBuUFAcRUIGACENE 3.
e

substrate to permit viewing at the same time by the human
eye, said first optically variable opaque device including
a first optically variable pigment, said second optically
10 variable opaque device including a second 'optically
variable pigment, said first and second optically variable
pigments having the same matching color at one angle of
incidence for a color match angle and being without color
match at all other angles of incidence.
15 2. A device as in Claim 1 wherein said color match
‘angle is a low angle of incidence between 0-10°.
3. A device as in Claim 1 wherein said color match
"angle is a high angle of incidence of 30° and greater.
4. A device as in Claim 1 wherein said first and
20 second optically variable opaque pigments are disposed in
an ink vehicle. ' _
5. A device as in Claim 1 wherein said first and
second optically variable opaque plgments are dlSpOSEd in |
a paint vehlcle.
25 ’ 6. A device as in Claim 1 together with a release
' - coat carried by the first surface of the substrate and a
hot stamp polymer film disposed over the release coat,
said first and second optically variable opaque pigments
being disposed in said polymer film to form first and
30 second foils. _ _ .
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s&nbol-or | ogo 106 is then fornmed on the surface of the solidified Iiquid

vghicle 97 by various neans. It can e s f 1 :g
o T . 2. gge;rgypssﬁr%’%’( BB o IUS 90 /7 F2 3B

' H&D t hat [ma AEI
can be provided"i nsthe formof an image or synbol. _ CM§ an gﬁ

has been forned on the surface 102, the aBge is then dusted with the -other
optically variable pigment 99 of the pair. This dusting 15 is known as a-
"bronzing techni que7. |nmachevidencasw ih t@badesdri furtheabovecluding

optically vari Qﬁhﬁtﬂbﬂﬁ”%tﬁ%d:a&h&’eggug{:ﬁe%gttt 4§ Skﬁllzf {dl1e dé@l@%ger to

fuse the optically, variable pignment oner “ve e lm
devi ce is over FQFRing 3p pddifdongd P?b&l?ﬂ¥¥¥ﬁqeéw'ﬁgeZQirSEnﬂubgi%%d°f

‘through a heat eHel substttaite inlspacedadapsrt odiviehst mﬁnbhtaadei—naplww the

overlying ig n 0 e d ed | he t r v h| e 101 Durin

t he proces %ﬁﬁ??négegﬁégg%ng?‘ %ﬁqugl eq:tgn al |f8n %e%a$%$ FIE to
the surface ofanﬂehh3naﬂ§1t1qnqltnelsurSaéé Z@lrdxppthﬁlky vaxtake
through the 'aabo%er, mlasu&&ﬁé' bhe ghees] ”9pt§c£fﬂ?veda{'i£’m& heosadidi fied

toner image. No stick |ng hé toner 1o the flexible sheet ogccurs.pecause
pignent is bet RdGRERKe BhgrfSHHtPhQPFFEQFBYevgﬁéékleA§?¥+ﬂ%t+9%4§d1Q$e
| ogo 106 coul dabeowrtiticpeticnlly JAriabléa\opatjuesipligmenteesaidnthptd cawd

other pr'fb'ngfgﬁégﬂd optically variable opaque pigments having the same

color at the color match angle as the first and second

optically variable opaque pigments and being without color
match at all other angles.

8. A device as in Claim 1 further 1nclud1ng

15 additional third and fourth optically variable devices

forming an additional pair carried by the first surface of

the substrate in spaced-apart positions without overlap to

permit viewing at the same time of the first named pair

and the additional pair, said third optically variable

20 device including a third optically variable opaque

pigment, said fourth optically variable device including

a fourth optically variable opaque pigment, said third and

fourth optically variable opaque pigments having a color

match at an angle of incidence for an additional color

- 25 match angle different from the color match angle for the

 first and second optically variable opaque pigments and

being without color match at all other angles other than

the color match aﬁgle and the additional color match
angle. . _

30 9. A device as in Claim 1 further including a non-
shifting pigment carried by the substrate, said non-
shifting pigment having the same color as the matching
color of the first and second optically variable pigments.

10. A device as in Claim 1 wherein said same angle

35 of 1nc1dence of the first and second optically varlable

plgments is an angle of incidence from 0° to 10°

This Sheet Has Been Rerlaced
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Another enbodi ment of a paired optically variable device is shown in A
Fi.gur ! Bgli n which th 7 ' Vi Cj S oyl '

asubEﬂIlﬁMlﬁwm Ellcan be of ajsul BEBN can®- qﬁlﬁx%&y(ﬂzg)as
rigid andScah Be forrred of cloth, G50 th wghgsAPR '97

. Substrate 112 is provided with an upper surface whi ¢ as fir and '
'second optically variable WD 96/ 39307-44-

- PCT/ US96/ 07485 -39- devices i16 and 117 di sposed thereon. The devices 116
and 117 are in the f&rm dfdeipideds yin Qliadin @ Wbekeinl8aidhetbet i angley

variabl e devi cgg L1 jathckl bR thd! AGAL UpAD L8SosdT E5E cahlg %af- le

|

substrate 112 by first and second 5 hot, stanps (not™ shown ch are in
registration i REGMENES: 1fialFi 3N angte of, inpidangs Qfs 3hhaaRngreater-t he
i nvention, the foil s2utila zsride tae teveleinm 11 6uiserte il 7s®id® Pirst and
substanti akly l.Qnr at f. ] nci.dence and-are of
di fferent %olo%ggggagﬁp&gfﬁég§aﬁé?g§ ?ged%%%h?ng?ﬁg%%gg Q$ﬁﬁ%ﬁﬂg% T?ﬁ%he
previ ous enbodPAERRINg wFRdast wikh abjiLlwwinantsptie temparatawe of- BBSE° and

t he other one gauksinshift fromgreen-to-nagenta so that at one angle, the
optically variable Rgil %P he devi ces

_ evice as 1n:%H%f¥K£ wherein said first and
_ second optically variable opaque pigments have the same
10 matching color with an illuminant at 6770° Kelvin.

14. A device as in Claim 1 wherein said first and
second optically variable opaque pigments have the same
matching color with an illuminant having a temperature of
4200° Kelvin. |

15 - 15. A device as in Claim 1 further including a
symbol, said symbol being formed by. a predetermined
arrangement of the first and second optically variable
devices containing the first and second optically variable
pigments. - |

20 ~ 16. A device as in Claim 15 in which one of the
first and second optically variable devices is in the form
of a symbol and the other of the first and second
optically variable devices'is in the form of a background
and in which the color of the symbol matches the color of

25 the background at a given angle.

17. A paired optically variable device adapted to be

- viewed by the human eye comprising a substrate having a
first surface, first and second optically variable devices
carried by the first surface of the substrate in spaced

30 apart pbsitions without overlap on the first surface of
the substrate to permit viewing at the same time by the
human eye, a first optically variable specular opagque foil
disposed in the first optically variable device and a
second optically variable specular opaque foil disposed in

35 the second optically variable device, said optically
variable specular opaque foils having the same color at
one ahgle_of incidence for a color match angle and being

without color match at all other angles of incidence.
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shifter whereas.the dots 117 can be the 29 green-to-nmagenta shifter.
These foils can be nmade either by placing 8'5t ically variable pignment flakes

into a hot sta obymer, fil.m garti a_rek | exi .
substrate or by pl atbagPrErdrPay Sttty ySELEBIE, G808 oBnpr SELI By
serving as opt ségstya%rhmra epddyphrsupface 2 irsgapndedepond optical coat

on a flexible gdigtest earFiega b? the R9isE! 3GPLABET b¥ tRENSABELSLHEUINiH N
Figure 21 at one angle, al] of e, dots h%ﬁe %he_ sa col or %ereas I n
Figure 22 at a®BAFPHr GAPALRgIRRSHHONE, FAFROBE (PYCHIAR AR cFBRRKBLERE ( he
nuneral 205ar estivfavd ©f tthe gswestrat80to pepmibtavikwlihgr ato thetsamen t he
angl e of incideg ' h | 1] Pt k apl i 111
the dots on thg%gb%frgﬁ%]{m%%é'q%aaﬁgef?%g% ghsg%xg}rﬁgg%é%o?%?ﬁqogﬁ bl ue
col or for the PREAEGRBILIVARRIS AeVdGenends dncdndipgnar firsd eptieallyie a

good contrast gartiBblet hgp2§ue MwigHient 20 s23@ beecond | ¥peeas1 byaépecduman
eye. Wth such_a Lt. .can _be .seen. t hat F

ot her devi ces §f}8ﬂu§r§;‘§n ggﬁg‘t‘ é‘ﬂ"f énpn@&gﬂ'&f’&t’e(faiﬁ?%% O%ij‘irg‘r.é%l:?s,ngnd
vari abl e tlevi copticadily varidbdei pigmenbs having the same color at one
| angle of incidence for a color match angle as the color of
the non-shifting pigment and being without color match at
all other angles of incidence.
19. An optically variable device which is adapted to
15 be used with another optically variable device as a pair
of optically variable devices in spaced-apart positions
without overlap on a firét surface of a substrate for
viewing at the same time by the human eye, said another
optically variable device being formed by a single
20 optically variable multilayer thin film interference stack
exhibiting a color at one angle of incidence and different
colors at all other angles of incidence, said optically
variable device domprising a Single optically variable
opaque multilayer thin film interference stack which is
25 different from the optically variable opaque multilayer
thin film interference stack of the another optically
variable device and which exhibits a color which is the
same color of the another optically variable device at the
' same angle of incidence for a color match angle but which
30 is of different colors for all other angles of incidence.
| 20. An optically variable device as in Claim 19
wherein the color exhibited by the single optically
variable multilayer thin film interference stack can be in
reflection or transmission.

—
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: present |nvent|on Fromthe foregoing, it cafi°be seen that the paired
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colors. Thus, in the case of, pignents, It can e seen
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contained in a prsotthat midydas one color at one angle of incidence that is

the same color at the same angle of incidence as the color

of the pigment in the second optical device, illuminating

10 the paired optical devices from a light source so that the

paired optical devices reflect the same color at sdid one

angle of. incidence and reflect different colors at all
other angles of incidence.

22. A method as in Claim 21 together with the use of

15 an additional paired first and second optical device on

the surface of the substrate which also can be viewed at

the same time by the human eye as the first named paired

optically variable devices, the method further including

g ; causing the additional paired first and second optical

) 20 devices when illuminated from the same light source to

reflect colors at said one angle which is the same as the

W colors for the first named paired first and second optical

devices at said one angle and different colors at other

angles which are colors different from the different

25 colors of the first named paired first and second optical

devices.

23. A method as in Claim 21 wherein said second
optical device has a non-shifting pigment, the method
further including the steb of providing a non-shifting

30 pigment which is the same color when illuminated from the
same light source as the colo; reflected by the first
optical device. ' N

24. A method as in Claim 20 further including the

step of arranging the first and second optical devices to

35 provide a symbol which is invisible at said one angle of
incidence and which is wvisible at other angles of

incidence.
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20 ‘would neke count erfeiting very difficult if not i rrpﬁskiﬁﬁﬁelgmn
aceordagcei with the preséent invention it should be appreci agﬂg.ﬁpgﬁmfmg

paired optically variable pignents can al<s¥l$be paired with pal r
Qptical{y variable pignments or paired with non-shifting pignment. Al so,
one interfeerence opbi eaihieverhaghe colgrersaturationanndd te thave large

non-shifting pl% E?ab@it ddea n%nak_y'gﬁl B¢ p\;ﬁmg rra;,gmgs ﬁ}hﬁ;ﬁ:ohgr of -

an optically va gnent at a certain angl e T exa

Fi gures 21 and dg_sllteﬂa dbtl nEPRRRCEARN; ndiide Fhe §%n ntepﬁlon,

\rl\ﬁ?l:fs’lt L:E Lﬁgsh?\hi:h{&-fl%ﬁrﬂif@mt chpigméntd heafer nih'oililze@n shi fThi nguchl or
e col.or of _a_shi, gnent

that the c SnpoRieRt S g Pe kR eéfé’?ﬁﬁfs aFeé‘%lcgrs‘o?g"t%é%gR g‘%&?gggr% 8

di fferent angl etddks areuitilizednunber 20 in 35 nagenta against a green

backgr ound. 6/
pet Ueoer 07485 1R | BrEldal metal. dielpctric asymmetric Ioterference

appr eci at ed t hatadie 31 gassshewnoin Eﬁ@?ﬁelarem gormed)| 8F E‘h&H&@tV\PPha
angl e has been %&.Hﬂglé"' iraléaserr&h9brdlsel Yedpdsitedonlesi flexibléewebhas

with an all dielectric desi
10 serving as a u strate. The multilayer interference thin
film stack 31 can be removed by passing the web or
substrate through a solvent bath. As the soluble release
layer 32 dissolves, the thin sheet of interference film 31
disintegrates into a multitude of flakes. Since the
15 flakes have two planar surfaces, it 'is desirable to
provide an optical design for the multilayer interference
stack or film so that it is symmetric and presents the
same design on each side. After collecting the flakes and
washing them to free them of release material, a pigment
20 is produced by grinding the flakes to a size ranging from
‘2 to 200 microns and preferably a size ranging from 2 to
20 microns by grinding or pulverizing without destroying
the color characteristics of the flakes. The flakes
should have an aspect ratio of at least 2 to 1 with
25 respect to the surfaces of the flakes and the thicknesses
of the flgkes and preferably 10 to 1 in order to preserve
the correct particle orientation when they are placed in

the desired vehicle for an ink or a paint to maximize the
brightness and color purity of the ink or paint.
30 Thus in accordance with the present invention it is

desirable to utilize a symmetric metal dielectric stack 31
as shown in Figure 15 which can be comprised of only three
materials and five layers to produce a strongly dichroic
optically variable opaque pigment. It is comprised of a
35 semi-opaque metal layer 36 which is formed on the release
coat 32 carried by the flexible web 33. The layer 36 is
followed by a dielectric layer 37, a thick metal

reflecting layer 38, another dioa,actn'.c_laﬁgr—as—aad—a————
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a first optically variable pigment, said second optically
variable opague device including a second optically
variable pigment, said first and second optically variable
pigments having the same matching color at one angle of
incidence for a color match angle and being without color
match at all other angles of incidence.

2. A device as in Claim 1 wherein said color match
angle is a low angle of incidence between 0-10°.

3. A device as in Claim 1 wherein said color match

angle is a high angle of incidence of 30° and greater.

4. A device as in Claim 1 wherein said first and
second optically variable opaque pigments are disposed in
an ink vehicle. ' ' '

5. A device as in Claim 1 wherein said first and
second thically variable opaque pigments are disposed in
a paint vehicle.

6. A device as in Claim 1 together with a release

coat carried by the first surface of the substrate and a
hot stamp polymer film disposed over the release coat,
said first and second optically variable opaque pigments
being disposed in said polymer film to form first and

second foils.
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i'hcidence is a | ow angle of incidence. 3. The article,as in daiml1 wher ei n

sai d dence is a high angl e of incidence. |

as .iﬂlﬂﬂmﬂlﬂuﬂmﬂm said first and 20 ond pignents are&?ﬁ&mﬁ SHEET
an ink vehlcle 5 The article as in. Clalm wherein said first GidDEC-1997
pi gments afe disposeg, in appaaebidehisd e.irf. clagmar i Cf@r@ﬁef“ fHhél i ing

together with arelease coat: carrie I rst s face thegubstrate
and a hot 25 nﬁ_ﬂﬂi{éﬁi}v@ %‘ﬁ% %I é’&%’é’ .
first and seconﬂoﬁmﬂﬂi}néﬁ add itgichalp padd carsded pyl phers frs smrfmm éfrst
a0 SEcONd 11| S ppd FaEh U dpatpd-fyed, BRTLILAL S ERURE S04 8o 6607
pai r conpriSi ngpermitr vieptingalaty the | siwhe timecpﬁré‘-heomla:iﬂ&_ihﬁ!_ﬂr
optical ly variaghg r&maagggﬂoﬁaioga;l} onid £l tiiyar ioph :
containing a fo e
sane col or mat cﬁeé{ﬁﬁfe;ﬁlﬂ&%m&uﬂmgﬁﬁﬂkﬁam 3varigble ¢ | ORAGNG ¢
0]{ ?Et i fcal I%/ vaplighlent§! sadiaUfurth Pt di1y0 vir iy devide bﬁﬁ&@'@?la
AR e R D R ATk A AR YL
in Claim1l16 urtiﬁeurthrrpoptsmglly mriamaeonpaqueoplgmmtapi[mmg pthe samé
optically vari gBi8:—a% the color match angle as the first and second
optically variable opaque pigments and being without color
match at all other angles. |
, 8. A device as in Claim _1 further including
15 additional third and fourth optically variable devices
forming an additional pair carried by the first surface of
the substrate in spaced-apart positions without overlap to
permit viewing at the same time of the first named pair
_ and the additional pair, said third optically variable
20 device including a third optically variable opaque
'pigment, said fourth optically variable device including
a fourth optically variable opagque pigment, said third and
fourth optically variable opaque pigments having a color
match at an angle of incidence for an additional color
25 match angle different from the color match angle for the
first and second optically variable opaque pigments and
é:’ being without color match at all other angles other than
the color match angle and the additional color match

angle.

30 9. A device as in Claim 1 further including a non-
shifting pigment carried by the substrate, said non-
shifting pigment having the same color as the matching
color of the first and second optically variable pigments.

10. A device as in Claim 1 wherein said same angle

35 .of incidence of the first and second optically variable

pigments is an angle of incidence from 0° to 10°.
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-43- M ilww Diﬂd second pair conprising a third optically vari abl e
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. opt @ ELH tructure containing a fourth optically vaBE ﬂENT SHEET
pi gment, said second pair having 5 a.secom#4ol or match angle Whilc BECs1987
~different fromthe color mat ch, angl e of id first pajr of, optjcal
" variabl e structures, 13ai ddt YﬂF%ﬂﬂsfgﬁ t}é%ﬂ?€g£%1$ epéﬁ
havi ng a mat chi eg dmkﬂﬂeﬂmeﬂbﬂStmeffersntahﬂomddmndnﬁpﬁidanxyﬂvmrﬁéblée
first and secon rpab pl t her r
mat ch bet ween ﬁ %h§%6k¥l¥@ hﬁség ig °§th§§§%§cFo§?tﬁo %lcag?yggéglable
pi gnents on the art i 8Re atA aistvmlesoinvCAMNQ leklh@(xteltfh@afldsf_m_(u

h I d I 1
et ch ang! e andsbgnacepdcangy v Gbfagle PEEmahtECHRVE Lk Gahe'

further inc non- shlftln arried substrate

sai d non- shi ftlﬁﬁtﬁht%rﬁoq‘%n h g2 §&5rE’“éBFBF ak 4 H'éa rawm o8| 8856t

the first and sgemﬁdnoptlcally vari abl e pi gnents. The article as in

catm i wharer S €5 gl 8 3yl gt et AU SECAI o

10[err]. 11. Thseaondcb@tasaldydxmmamm&gmg_gapdgmehes haylec the same

10 matching color with an illuminant at 6770° Kelvin.

14. A device as in Claim 1 wherein said first and
second optically variable opaque pigments have the same
matching color with an 111um1nant having a temperature of

4200° Kelvin. _

15 15. A device as in Claim 1 further including a
symbol, said symbol being formed by a predetermined
arrangement of the first and second optically variable
devices containing the first and second optically variable
pigments. ' | '

20 16. A device as in Claim 15 in which one of the
first and second optically variable devices is in the form
of a symbol and the other of the first and second
optically variable devices is in the form of a background
and in which the color of the symbol matches the color of

25 the background at a given angle.

17. A paired optically variable device adapted to be
viewed by the human eye comprising a substrate having a
first surface, first and second optically variable devices
carried by the first surface of the substrate in spaced

30 apart pos;tlons w1thout overlap on the first surface of
the substrate to permlt view1ng at the same time by the
human eye, a first optically variable specular opaque foil
disposed in the first optically variable device and a
second optically variable specular opaque foil disposed in

35 the second optically variable device, said optically
variable specular opagque foils having the same color at
one angle of incidence for a color match angle and being.
without color match at all other angles of incidence.
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rst and second optically variabl:e pignents is at an
angle EQNWH! 30[err] and greater. 12. The article as in daim1l
wher e vari abl e pi gme_qtss_ have the sane CREPI),ABEM ET
bl um nant at a terrperature of 2856[err] 'Kel'vin. 13. The articl

G ai m 1:whérein sai dlfpt ACpBL e&abb%lib‘ilﬁyg%%iﬂﬁv‘aéﬂ%é% éﬂi gwal h

an illumnant at 6770[err] Kelvin he article as iIn

wherein said opfukstrate fiavine aplfdﬁﬁﬁ't §uﬁ§§ﬁet h%’-"s%ﬁr@%l?ﬁ"%q PRfHical
i I'lum nant havi aevicberraai-aﬁuaebgf the0 ¢ ifeltyisurthze ofhahy tsm&g;me Nin

Claim1 further i ncI din synbol,..said é}égol! bei ngaforrred ¥
pr edet er m ned 38pa ra %ﬁ’éntp%ﬁlﬁh@ﬁl r t PRal 9evafﬁ’fﬂ)$e
pi gnents. 1%. Tharﬂacecloi dhe ns@bstraté to pemtitoreieiingieati tdte ssame

second opti cal Ig ixar o’ad fo! |‘%§$Ftéy S ddid hﬁbﬁta{ rgﬂl&fydmc@trﬂdﬁ & her

of the first and sec rm of

var i ments 1s 1N
a background an€PFically mrim%rﬁe (ﬂm?_{ﬂ_f‘:}% Firgsk QrEieably
color of the bagkgianne appaqibVepighéht, said second optical device

including a non-shifting pigment, said first and second
10 optically variable pigments having the same color at one
angle of incidence_for a color match angle as the color of
the non-shifting pigment and being without color match at
all other angles of incidence.
. 19. An optically variable device which is adapted to
15 be used with another optically variable device as a pair
of optically variable devices in spaced-apart positions
without overlap on a first surface of .a substrate for
viewing at the same time by the human eye, said another
optically variable device being formed by a single
20 optically variable multilayer thin film interference stack
exhibiting a color at one angle of incidence and different
colors at all other angles of incidence, said optically
variable device comprising a single optically wvariable
opague multilayeg thin film interference stack which is
25 different from the optically variable opague multilayer

thin film interference stack of the another optically
Q variable device and which exhibits a color which is the

same color of the another optically variable device at the

same angle of incidence for a color match angle but which

30 is of different colors for all other angles of incidence.
20. An optically variable device as in Claim 19

wherein the color exhibited by the single optically
variable multilayer thin film interference stack can be in
reflection or transmission.
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spaced apart positions on the first surfacé®t the substrate,t"'@lp m;SHEET

viewi ng-*at the same time by _the eye, a first optically variable
specul ar foil dispos¥d-in the ﬂe&g’gﬂjo 1y°foptqr&.ﬂt1’§‘q/aﬁ atﬁ# i CEOH
second opti cal | yefbectiheesfieculvdrewing al stlisesane timesbyord pidrcaeye
vari abl e devi ce [ ' | ' e.s WS '

color at one anﬁféﬁo %ﬁ&%ﬂﬂ%@?ﬁl@adgﬁ?gégét Lglg}‘orprsﬁ\gte%glﬁﬂgﬁigérﬁd
angl es of vi ew agcond opticallgdevicesi tdhersen chaving acodioredarpighents

conpri sing g SUpRbFaLA, PRY¥ NBifst! 'opt ] adRvilde ShaviflgSeanNoppitstly
devices carried b¥,the first surface qf the substrate in~spaced apart

posi ti ons on th¥aFiaklespigmepty foxming, &he,QPtisatdyniva %?lgg’aﬁm?’h%
sanme tinme by theohthath itychass ok ddloxf atsbnepahghe aevineidendy tiat is

opLieally var! e Sl By B Sheanbhhtatthe SR s LR05ERL",
optical device, ofathie qpigment yivathalsecomdnepticahvdenicede Shlmnimdtingt
one, a0l £, VLA Y tied VY ool sHLR BOT1alt L4itod) At eho
optical |y vari apaired torticabrdevigesreflect the same color at said one
angle of incidence and reflect different colors at all
) other angles of incidence. _
22. A method as in Claim 21 together with the use of
15 an additional paired first and second optical device on
the surface of the substrate which also can be viewed at
the same time by the human eye as the first named paired
optically variable devices, the method further including
causing the additional paired first and second optical
20 devices when illuminated from the same light source to
reflect colors at said one angle which is the same as the
colors for the first named paired first and second optical
devices at said one angle and different colors at other
angles which are colors different from the different
25 colors of the first named paired first and second optical

devices.

23. A method as in Claim 21 wherein said second
optical device has a non-shifting pigment, the method
further including the step of providing a non-shifting

30 pigment which is the same color when illuminated from the
same light source as the color reflected by the first
optical device.

24. A method as in Claim 20 further including the

step of arranging the first and second optical devices to

35 provide a symbol which is invisible at said one angle of
incidence and which is visible at other angles of

incidence.
This Sheet Has Been Reﬂlaced




h [ Cg@ﬂﬂ¢FSHEETS éﬁ; | II ble d

st he sane ti 4 Y. €. 15 @b et her optlca y vari abl e devi ce

bei ng. f orne ﬁeg ugl e poRid katd yayear B2bl e 30 wREWACEME{\ﬂ' SHE ET
i nterferenc gs;)l éﬁ'g__r.wtpgf@} and]exhibiting a col % cgmang e’
of view ng r? Prs \aagd Qther angles of vie 4h§£
optigally v r| t@ ﬂ%V|c§ oﬁﬁFi5|ng asin %e optically variable mltilayer

thin filmin erference stack h@yi
from the str RECE myls=eptiical |y variable thin film
interference’s optically variable device and which
exhibits a col or whiech AspahEEQanpttzﬂliy(ﬂanMablan@EMchepbomarigedamfable

device at- the g3RBe# gge YheW g c s of difafier e rs
for all other gnﬁg . VIH%‘\;VI hguid é?iitfa\@é' I\/ER# SﬁEélq_s_tAf;P_ i%r 8k Zx%t?

optically vari 3Bg€§3991199e %ﬁ%‘?lélyalvrﬂr eraéﬁrﬁct%eéol‘{ﬂr%ﬂﬁ RY RriF
t he singl eSopt suathageyarsabiie firdt | ppdr td:mmpﬁémg nteer férenceopt hedd Dan

oo S IR I T P
a substrate haBt@geBE 2P & SRR BBFE@G 1Yr‘§ﬁr‘a°:% HEFl eancaining
a second optically variable pigment, said first pair having
a first color match angle, the color match angle being the
10 angle of viewing at which the first and second optically
variable pigments have the same matching color, there being
no color match between the first and second optically
variable pigments at any angle of viewing exXcept for the
first color match angle.
15 2. The article as in Claim 1 wherein said one angle of
incidence is a low angle of incidence.
3. The article as in Claim 1 wherein said one éngle of
incidence is a high angle of incidence.
4. The article as in Claim 1 wherein said first and
20 second pigmente are disposed in an ink vehicle.
5. The article as in Claim 1 wherein said first and
second pigments are disposed in a paint vehicle.
6. The article as in Claim 1 together with a release
coat carried by the first surface of the substrate and a hot
25 stamp polymer £film disposed over the release cocat, said
first and second pigments being disposed in said polymer
£ilm to form first and second foils.
7. The article as in Claim 1 further comprising a
second non-overlapping pair of optically variable
30 structures, said second pair comprising a third optically
variable structure containing a third optically variable
pigment and a fourth optically variable structure containing
a fourth optically variable pigment, said second pair having
the same color match angle and the same matching color as
35 sald first pair of optically variable structures, there
being no color match between any of the first, second, third
and fourth optically variable pigments at any angle of
viewing except for the first color match angle.
8. The article as in Claim 1 further comprising a
40 second non-overlapping pair of optically variable

oug.stru ure 35 which is different
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zarti cl es thereon having col ored pignents therein, tREPL Ej‘p}t’{_!‘da'l SHEFIECE

havi ng an opti'cally variable pignent,-formng 10 t he opt In@m abl e
pigment so that it has one color at one angle ‘of view ng that same
color at~-the sane angle of viewing as the color of the pignent in the
second optical article, illumnating the paired optical articles froma

| i ght source so that the paired optical artdcles 15 reflect the sane
color at said one angie of viewing and reflect different colors at all

ot her angl es ofstrustures2Raid nse¢erd spain @meniing oyethitrd wophicaklyse

of an additiongjaaigies &t+attapd s8aeRd alegr iy of
t he substrate \é\@ﬂ ]iso can_be vi eﬁeeaaﬁqﬁ Q tlﬁ:td %ﬁ%%r%l §ﬁ£{ﬁ§fe

eye as the fir afd; Aefourth cﬂﬂtl ¥i YBF alaje?/lq,ré’é“cct“l’r'é FRpRa4ning
further includian§ouxtdi ngtn.halhﬁdvarmb]le pdomert{ i said sutael pad rohatvtag

articles when ig lgdbonat eeltas:oaaééﬁ Iwh%h §Q%£@fé&:{tefé:%'ﬁ$ caa' 858o21
sai d one angle whi h I'S é .sgrre as.t fors Iflllrs nanegd
paired first af® ABSIS: i P51 8p14 cI s&t Bain Sk gﬁajl"&aé ¥ dYaFiakie

colors at othemtxuyuﬁredu(ﬂs&mb ddlionds dnﬁfeﬁenrthrooptheaﬂl?fevaniabbéors
s ina ;fﬁqtﬂ%‘%ﬁ‘re@ﬁ%??rﬁ‘gr’%hs?m %&??”'ﬁ?‘r‘??f iffecatt oot P2 0
pi gment, the MEAHHRLIIHE? gﬁ?n firse apdsgFon o?PH+ﬁ§f¥Yhﬁﬂr§ﬁb¥?lng
pi gment whiocch pigmahﬁsvmtheterbahng ind wolvy edatelonbeébween any of the
first, second, third and fourth optitally variable pigments
on the article at any angle of viewing except the first
color match angle and the second color match angle.

9. The article as in Claim 1 further including a non-

15 shifting pigment carried by the substrate, said non-shifting
pigment having the same color as the matching color of the
first and second optically variable pigments.

10. The article as in Claim 1 wherein said same angle
of viewing of the first and second optically variable

20 pigments 1s an angle of viewing from 0° to 10°.

11. The article as in Claim 1 wherein said other angle
of incidence of the first and second optically variable
pigments is at an'anglé of incidence of 30° and greater.

12. The article as in Claim 1 wherein said optically

25 variable pigments have the same color with an illuminant at
‘a temperature of 2856° Kelvin.

13. The article as in Claim 1 wherein said optically
variabie pigments have the same color with an illuminant at
6770° Kelvin. '

30 14, The article as in Claim 1 wherein said optically
variable pigments have the same color with an illuminant
having a temperature of 4200° Kelvin.

15, The article as in Claim 1 further including a
symbol, said symbol being formed by a predetermined

k) arrangement of the first and second optically variable
pigments.- '

16. The article as in Claim 15 in which one of the
first and second optically variable pigments is in the form
of a symbol and the other of the first and second optically

40 variable pigments is in the form of a background and in



.-sae |ight source as the color reflected: by the fi gﬁg

" 24. A method as in Claim20 further .i ncl udi ng thﬁpgmaﬁ éﬁ ?IS
first and second optical articles to provide a synmbol \/\ﬂlfrI‘DE& i si ble at
said one angle of viewing and which is visible at other angles of view ng.

2. A nethod for creating a palred colored refl ectance for view ng
at t’he sane time by a human eye froma subs?rate having a surface with

paired first a c og I Y o] |ng al or s 5
therein,the flgg i(glp'?:{}%al é%\gf?ce%ﬁa‘% B%‘%E%gt H@EF% Sv ab?gj%fgargﬁta‘

forning the opPreksrounds aabaegévgnemgbe that it has one col or at one |
angl e of incidence that AspalifedasseicdlQly %rtiaﬁléaaﬁtﬂegéea&i ﬂéE'tQﬁ'ifee as

the color of th e second o ti c devi ce unm na

the paired optl gspegm\?’yce h?rg‘ At &gl i§’5 t%a?"j?ﬁle li)%ﬁré gﬁgl &al
devi ces rebl ecfirat sunﬁaeeboflaatsand Wmmmttﬂalhclmlmdevdide&t
different col oggreteadl Ibyotéigs emsbesrsqﬁsfheg Qﬁfn%e Ogubstrate in spaged A

met hod as in Clal 21 to ther Wit use of % 8 nal alred

first and secoff’ nhpﬁm@ F&F & o ?Pé? &1 1 38% %ﬁetﬂg g Es?Pg PCWQaIso

can be vi ewed agrm;t viewing at the same time by the human eye, a first
optically variable specular foil disposed in the first

10 optically variable device and a second optically variable
gpecular foil disposed in the second optically variable
device, said optically variable specular foils having the
same color at one angle of viewing and having different
colors at all other angles of viewing.

15 18. A paired optically variable article comprising a
substrate having a first surface, first and second optical
devices carried by the first surface of the substrate in
spaced apart positions'on the first surface of the substrate
to permit viewing at the same time by the human eye, said

20 first optical device being an optically variable device, a
first optically variable pigment disposed in the first
optical device and a non-shifting pigment disposed in the
gecond optical device, s=aid optically variable pigments
having the same color at one angle of viewing as the color

25 of the non-shifting pigment.

19. An optically variable device which is adapted to be
used with another cptically variable article for viewing at
the sgme time by the human eye, said another optically
variable device being formed by a single optically variable

30 multilayer thin film interference stack having a structure
and exhibiting a color at one angle of viewing and different
colors at all other angles of viewing, said optically
variable device comprising a single optically variable
multilayer thin £ilm interference stack having a structure

35 which is different from the structure of the single
optically variable thin film interference stack of the
another optically variable device and which exhibits a color
which ie the same color of the another optically variable
device at the same angle of viewing but which is of

40 different colors for all other angles of viewing.



~the same tinme by the human eye as the first named paired -} el grye -
devi ges,: the nmsthod further includi.ng causing the %EWB@W:N@WE@
and second optical 20 devices when illum nated fromthe mu 98 source
to reflect colors at said one angle which is the sane as the colors for the
first naned paired first and second optical devices at said one angle and

di fferent colors at other angles which ar e4%1ors different fromthe
different 25 colors of the first pnamed paired first and second opti cal

devices. 23. A net?®d ashiinoRFiFmliY WMicdabhes AnEid@nasogn @lakryile
“has a non-shi f twingredy e cdlor srhibitédibyhehei BEhgle nsptivaliyewrasiable

Pl Pt nated 11O it aber Thin P Thedbieibace ER2CRMER 3o dn Be¥pccion,,
optical device.OR/CERNPRLEBICBs in Caim 20 further including the step of
arrangi ng tse first 2md Seemvhodpforabreftimea paidld colovdéd areFlurtinte
ool hogl vl o BAE Plowiid! Y€ dhfie L ihd' By 4" iEimER el Al % YlBaBrEeE"
having a eurface with paired £first and second optical
articles thereon having colored pigments therein, the first
optical device having an optically variable pigment, forming
10 the optically variable pigment so that it has one color at
one angle of viewing that is the same color at the same
angle of viewing as the color of the pigment in the second
optical article, illuminating the paired optical articles
from a light source so that the paired optical articles
15 <reflect the same color at said one angle of viewing and
reflect different colora at all other angles of viewing.
22. A method as in Claim 21 together with the usze of
. an additional paired first and second optical article on the
surface of the substrate which also can be viewed at the
20 same time by the human eye as the first named paired
optically variable devices, the method further ineluding
causing the additional paired first and second optical
articles when illuminated from the game light source to
reflect colors at said one angle which is the same as the
25 colors for the first named paired first and second optical
articles at said one angle and different colors at other
angles which are colors different from the different colors
of the first named paired first and second optical articles.
23. A method as in Claim 21 wherein said second
30 optical article has a non-shifting pigment, the method
further including the step of providing a non-shifting
pigment which is the same color when illuminated from the
same light source as the: color reflected by the £first
optical article,
3s 24. A method as in Claim 20 further including the step
of arranging the £first and second optical articles to
provide a symbol which is invisible at said one angle of
- viewing and which is visible'_at other angles of viewing.
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A paired optically vari-
able device comprises a sub-

strate having a first surface
(18), first and second optical -
devices (23, 24) carried by the
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first surface of the substrate
in spaced-apart positions on
the first surface of the sub-

strate to permit viewing at the
same time by a human eye.
A first optically variable pig-

ment(znlsd:sposedinmcﬁxstopﬁealdcvxcc.andaseoondmgmemm)udlsposedmtheseoondopncaldcvwe. The optical devices
have the same color at one angle of incidence and have colors different from each other at all other angles of incidence.




