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(57) ABSTRACT 
A metameric optical structure is disclosed having ?rst optical 
structures comprising diffractive ?akes having diffractive 
structures thereon, and a second optical structures having 
non-diffractive ?akes Which may have other special effect 
properties, such as color shifting. At one angle of incidence or 
one vieWing angle, near normal. The hues match and at other 
angles they do not match. The diffractive ?akes are preferably 
magnetically aligned so that the grating structures are paral 
lel. Disclosed is also an image formed of at least a ?rst region 
of diffractive ?akes and a second region of non-diffractive 
?akes Wherein the regions are adjacent one another and 
Wherein one of the regions forms a logo, symbol or indicia 
that appears or disappears in dependence upon the angle of 
vieWing. 
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SECURITY DEVICE WITH METAMERIC 
FEATURES USING DIFFRACTIVE PIGMENT 

FLAKES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims priority of US. Provisional 
Patent Application No. 60/750,694 ?led Dec. 15, 2005, 
entitled “METAMERIC COMBINATIONS INCLUDING 
DIFFRACTIVE PIGMENTS” Which is incorporated herein 
by reference for all purposes. 

FIELD OF THE INVENTION 

[0002] This invention relates to a security device having 
paired optically variable structures suitable for use in inks or 
paints or, suitable for applying to a substrate in the form of ink 
or paint. 

[0003] Color from interference thin ?lms is found in nature 
in ?sh scales, mother of pearl, etc. Naturally occurring mica, 
oil 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 re?ecting 
from parallel interfaces from single or multilayer thin ?lms. 
In general, the larger the refractive index difference across the 
interface(s) the greater the color effect. Color results from the 
interference of light. Maximum destructive re?ective light 
interference occurs When the thickness of the layers 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 When broken into small plate 
lets are described in US. Pat. Nos. 3,087,828 and 3,123,490. 
These nacreous pigments are composed of single layer or 
multi-layers in the optical thicknesses ranging from 10-100 
nanometers typically prepared by vacuum deposition pro 
ces ses. These nacreous pigments are White or silvery and have 
very loW color saturation regardless of the vieWing orienta 
tion. Color is due mainly to simple Fresnel light re?ection, 
scattering and/or absorption. Within many applications, it is 
desirable to achieve greater color saturation, i.e., chroma, 
than that can be achieved With nacreous pigments. In addition 
to chroma, there is a need for different colors and different 
color combinations Which can be generated by using optically 
variable pigments. There is a particular need for such a mul 
titude of colors for numerous anti-counterfeiting applications 
as Well as other applications. US. Pat. No. 6,114,018 in the 
name of Phillips et al. teaches a paired optically variable 
structure Wherein a color shifting region on a security device 
matches a non-color shifting region at a particular angle of 
vieWing. For example a green-to-blue color shifting coating 
Will appear green having an adjacent blue non-shifting 
region, and if tilted at a particular angle, it Will appear as tWo 
blue matching regions. 

[0004] Although Phillips’ device functions as it is intended, 
and is commercially desirable, there is a need to increase the 
security of the device. By so doing, a more di?icult to copy 
and more complex device having additional optical effects 
has resulted. 

[0005] Optically variable pigments may be based on dif 
fraction, rather than color shifting. Diffractive pigments are 
described in US. Pat. Nos. 6,692,830, 6,749,777, 6,749,936, 
6,815,065, 6,841,238, and 6,902,807. 
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[0006] Diffractive optically variable image devices 
(“DOVID”), such as orientable diffractive pigment ?akes and 
stereograms, kinegrams, graphic element-oriented devices, 
dot-oriented devices, and pixel-oriented devices, and oriented 
optically variable pigment ?akes may be formed With diffrac 
tive optical ?akes. 

[0007] Optically variable pigments (“OVP’s”TM) are used 
in a Wide variety of applications. They can be used in paint or 
ink, or mixed With plastic. Such paint or ink is used for 
decorative purposes or as an anti-counterfeiting measure on 

currency. 

[0008] As described above, one type of OVP uses a number 
of thin-?lm layers on a substrate that form an optical inter 
ference structure. Generally, a dielectric (spacer) layer is 
formed on a re?ector, and then a layer of optically absorbing 
material is formed on the spacer layer. Additional layers may 
be added for additional effects, such as adding additional 
spacer-absorber layer pairs. Alternatively optical stacks com 
posed of layers of (high-loW-high)n or (loW-high-loW)n 
dielectric materials, or combinations of both, may be pre 
pared. 
[0009] Another type of pigment uses a pattern, such as a 
series of grooves etched or stamped into a layer of material to 
create a diffractive interference structure. These pigments are 
knoWn as diffractive pigments and have been used to create an 
iridescent effect, both on printed media and in paints, such as 
automotive paint. 

[0010] There are other products that use diffractive inter 
ference to achieve a desired effect, Which are generally knoWn 
as diffractive, optically-variable image devices (“DOVIDs”). 

[0011] Some DOVIDs provide various images depending 
on the angle at Which they are vieWed. For example, some 
types of DOVIDs can make one printed object appear in front 
of another, provide a succession of images based on vieWing 
angle, or give the appearance of motion in a tWo-dimensional 
image as the angle of vieW is changed. Other DOVIDs might 
have an image that appears at one vieWing angle, and disap 
pears at another. DOVIDs have been used for anti-counter 
feiting purposes on bank notes, credit cards, softWare media, 
and other high-value documents, as Well as for decorative 
purposes. A particular type of DOVID is knoWn as a “pixel 
gram”. A pixel-gram is based on a non-uniform spatial dis 
tribution of different linear diffraction areas (pixels). When 
rotated or tilted, different images can appear or disappear, 
making the pixel-grams di?icult to counterfeit because even a 
high-quality color photocopier Will not copy the variable 
effects of the image. 

[0012] The techniques used to achieve holographic micro 
structures on a master hologram, such as interferometry, 
holography, chemical etching, ion beam lithography, and 
electron beam lithography are relatively complex and expen 
sive. After a master hologram is prepared, a replication tool 
from the master is typically generated. The replication tool 
presses the surface relief microstructure into a polymeric foil, 
Which is then aluminiZed on the back of the foil. The foil is 
then stamped on the document. A master hologram must be 
made for each neW image, or if the master hologram Wears 
out. 

[0013] It is an object of one embodiment of this invention to 
provide a security device that achieves security afforded to 
color shifting coatings, and Which achieves security afforded 
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to diffractive structures, and Which achieves an additional 
strengthened security by coupling color-shifting and diffrac 
tive images together in a novel Way Whereby, their colors 
match at only a particular, predetermined angle of incidence. 

[0014] It is an object of this invention to provide a security 
device that Weds together a structure having a region With 
diffractive magnetically or electrically oriented ?akes With a 
region having ?akes of another type, such as chromatic or 
achromatic re?ective ?akes, tinted re?ective ?akes, or color 
shifting ?akes. 

[0015] It is another object of this invention to provide a 
security device that combines diffractive ?akes With non 
diffractive ?akes in a manner such that their colors match at 
only one particular angle or narroW range of angles. These 
diffractive and non-diffractive ?akes may be mixed together, 
or in a preferred embodiment may be placed on different 
regions of the same substrate. 

SUMMARY OF THE INVENTION 

[0016] In accordance With the invention, there is provided, 
an optically variable article comprising a substrate having a 
?rst surface and ?rst and second optical devices formed on 
?rst and second regions carried by said ?rst surface, one of the 
?rst and second optical devices being optically variable and 
forming a pair carried by the ?rst surface of the substrate in 
spaced-apart positions supported by the ?rst surface of the 
substrate to permit vieWing at the same time by the human 
eye, said ?rst and second optical devices having the same 
matching color at one angle of incidence betWeen 0 degrees 
and 90 degrees for a color match angle and being Without 
color match at other angles of incidence, Wherein one of the 
?rst and second optical devices comprises diffractive optical 
?akes each having a diffractive pattern de?ned thereon or 
thereon, Wherein said ?akes are oriented along the diffractive 
pattern. 

[0017] In accordance With the invention there is provided 
an optically variable article comprising tWo color matching 
regions that match in color at a predetermined angle and are 
unmatched at other angles of incidence of light, and Wherein 
one of the tWo regions have groove aligned diffractive ?akes 
therein and Wherein the other region has non-diffractive 
?akes. 

[0018] In accordance With an embodiment of the invention, 
there is provided, an optically variable article comprising a 
substrate having a ?rst surface and ?rst and second optical 
devices carried by said ?rst surface, Wherein each of said ?rst 
optical devices is a diffractive pigment ?ake, and Wherein said 
second optical devices are non-diffractive ?akes having an 
optical effect, said ?rst and second optical devices in posi 
tions supported by the ?rst surface of the substrate to permit 
vieWing at the same time by the human eye, said ?rst and 
second optical devices having the same matching color at one 
angle of incidence betWeen 0 degrees and 90 degrees for a 
color match angle and being Without color match at all other 
angles of incidence, Wherein the color match occurs When 
essentially no diffractive effects are seen. 

[0019] In accordance With an aspect of this invention tWo 
optical structures are provided Which match in color more 
closely When vieWed at an angle Where diffraction is absent, 
that is, Where Zero order diffraction occurs and all other orders 
are not present at the vieWing angle. The optical structures 
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may be tWo regions covered With ?akes, Wherein one region 
includes diffractive ?akes and the other region includes non 
diffractive ?akes, or Wherein both regions include diffractive 
?akes having different frequencies. In an alternative, less 
preferred embodiment of this invention semi -transparent dif 
fractive ?akes maybe used over a colored region, Wherein a 
color match With the region under the diffractive ?akes is a 
result of the diffractive ?akes being transparent, and alloWing 
the color of the other region to shoW through. 

[0020] In accordance With a broad aspect of this invention 
there is provided, an optically variable article comprising: 

[0021] 
face, 

a substrate having a ?rst surface and a second sur 

[0022] ?rst and second optical devices formed on ?rst and 
second regions carried by said ?rst surface or said second 
surface, one of the ?rst and second optical devices being 
optically variable and forming a pair carried by the substrate 
in spaced-apart positions to permit vieWing at the same time 
by the human eye, Wherein said ?rst and second optical 
devices appear to the human eye to have the same matching 
color at one angle of incidence betWeen 0 degrees and 90 
degrees for a color match angle and being Without color 
match at other angles of incidence, Wherein one of the ?rst 
and second optical devices comprises one or more diffractive 
optical ?akes having a diffractive pattern de?ned thereon or 
thereon 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1a is a plan vieW ofa substrate having a ?rst 
non-diffractive coating forming a background to indicia in the 
form of the letters JDSU formed from diffractive pigment 
?akes. 

[0024] FIG. 1b is a plan vieW of a substrate having a ?rst 
non-diffractive coating spanning a ?rst region adjacent to a 
region having a coating of diffractive pigment ?akes. 

[0025] FIG. 10 is a side vieW ofa ?rst embodiment ofFIG. 
1b. 

[0026] FIG. 1d is a side vieW ofa second embodiment of 
FIG. 119. 

[0027] FIG. 1e is a draWing shoWing illumination of a sub 
strate ?xed at —80° incidence and the vieWing angle as varied 
from —80° to 80° in 5 degree increments. 

[0028] FIG. 2, schematically shoWs the separation of inci 
dent White light incident at —80° on a diffraction grating 
having a groove frequency of 3100 lines per millimeter 
(l/mm). 
[0029] FIG. 3, schematically shoWs the separation of inci 
dent White light incident at —80° on a diffraction grating 
having a groove frequency of 1400 lines per millimeter 
(l/mm). 
[0030] FIG. 4 is a plot illustrating color trajectories and 
chromaticity for the formulations corresponding to the com 
bination Cl under direct illumination, Where the angle of 
incidence Was ?xed at —80° and the vieWing angle Was varied 
betWeen —65° to 80° in 5 degree increments. 

[0031] FIG. 5 is a plot illustrating color trajectories and 
chromaticity for the formulations corresponding to the com 
bination C2 under direct illumination, Where the angle of 
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incidence Was ?xed at —80° and the vieWing angle Was varied 
between —65° to 80° in 5 degree increments. 

[0032] FIG. 6 is a plot illustrating 4 color trajectories and 
chromaticity for the formulations corresponding to the com 
bination C3 under direct illumination, Where the incidence 
angle Was ?xed at —80° and the vieWing angle Was varied 
betWeen —65° to 80° in 5 degree increments. 

[0033] FIG. 7 shoWs the a*, b* color trajectory for regions 
A and B under direct illumination, Where the incidence angle 
Was ?xed at —80° and the vieWing angle Was varied betWeen 
—65° to 80° in 5 degree increments. 

[0034] FIG. 8 is photograph of a green-blue color shifting 
special effect having a grating Within the ?akes With 125 
l/mm. 

[0035] FIG. 9 is a plot illustrating the a*, b* color trajectory 
for regions A and B, as formulated in Table V, under direct 
illumination Where the incidence angle Was ?xed at —80° and 
the vieWing angle Was varied betWeen —65° to 80° in 5 degree 
increments. 

[0036] FIGS. 10a and 10b are vieWs the same image vieWed 
at different angles made using a Rd-Go diffractive pigment 
With a frequency of 3100 l/mm. 

DETAILED DESCRIPTION 

[0037] Devices described here after, refer to embodiments 
Wherein an optically variable image device (OVID) is pro 
vided and is particularly useful for security applications as it 
is dif?cult to counterfeit. 

[0038] Referring noW to FIGS. 1a through 1d, distinct 
coated regions are shoWn having an optical structure 14 in the 
form of a diffractive coating adjacent or near a different 
optical structure having a coating 12 coated on a substrate 10. 
In accordance With a preferred embodiment of this invention, 
a substrate is printed or coated in a ?rst area With magnetically 
alignable diffractive pigments (MADPs) 12. These pigments 
can be manufactured using a single layer of material, for 
example nickel, or other preferably re?ective materials that 
can be formed or stamped to form a diffractive pattern. Alter 
natively, the MADPs can be made from a multilayer stack to 
produce color from diffraction and thin ?lm interference. The 
?ake or ?akes Within the coating 14 and coating 12 are said to 
have different optical properties. By this, it is to be understood 
that the ?akes are either of a different composition or different 
structure. For example tWo diffractive ?akes having different 
frequency gratings are understood to have different optical 
properties. Flakes that are color shifting and ?akes that are 
non-color shifting are said to have different optical properties. 
An absorbing ?ake and a re?ective ?ake have different optical 
properties; diffractive and non-diffractive ?akes are said to 
have different optical properties. HoWever ?akes of a same 
material having a same grating embossed therein are not said 
to have different optical properties, even if their orientation is 
different. By different optical properties, it is meant that the 
inherent structure is different betWeen the tWo ?akes or coat 
1ngs. 

[0039] The coatings 12 and 14 having different optical 
properties are said to be spaced apart, Which for all intents and 
purposes includes side-by-side, on opposite sides of a sub 
strate, one over the other, or one near the other. To be spaced 
apart, no gap therebetWeen is required, although as in FIG. 1d, 
a gap may be present. 

[0040] Embodiments of this invention Were created by 
matching a non-diffractive pigment With a diffractive pig 
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ment or With diffractive pigments having gratings of different 
frequencies. In some instances the color matching Was 
obtained by the addition of appropriate amounts of organic 
tints. Chroma and lightness Were adjusted by adding black or 
neutral transparent or non transparent pigments to an ink or 
paint formulation. 

[0041] It is Well knoWn that the appearance of printed col 
ors is dependent upon the illumination intensity, and vieWing 
conditions. For example, a color under ?uorescent lights may 
appear differently from the same color under a tungsten lamp; 
and a color under diffuse illumination, for example on a 
cloudy day, Will differ compared to the color under direct 
illumination, for example in direct sunlight. 

[0042] For the purposes of this invention, color matching 
Was accomplished by measurement of different areas under 
diffuse illumination. A diffuse geometry spectrocolorimeter 
(DataColor SF600, d/8 integrating sphere) Was used and a 
CIE Lab delta E value of 10 or less Was considered to be for 
all intents and purposes, a same color match. 

[0043] Delta E is de?ned as: 

L202] 

[0044] Referring noW to Table 1, a ?rst embodiment of this 
invention Was made by providing an OVID that consisted of 
tWo adjacent areas, of printed effect pigments. Print combi 
nation I referred to hereafter as (C1) Was made With samples 
Y3100 and Y2. Print combination 2 referred to hereafter as 
(C2) Was made With Y1400 and Y2, and print combination 
(C3) Was made With samples Y3100 and Y1400. 

TABLE 1 

Y2 Y3100 Y1400 

Nazdar MP-170 screen ink 10 10 10 
US Aluminium 1 0.6 0.8 
Bright Silver-Non Diffractive 0.1 i i 

Silver-Diffractive 3100 l/mm i 0.1 i 

Silver-Diffractive 1400 l/mm i i 0.1 

* values in mg. 

[0045] Table 1 shoWs the formulations of the three pig 
ments used in these three sub-embodiments to make combi 
nations C1, C2 and C3. When magnetic diffractive pigments 
are used, as in Y3100 or Y1400, before the ink is cured the 
print is placed in a magnetic ?eld that causes the diffractive 
pigments to align With their diffraction grooves parallel to the 
applied magnetic ?eld. In this instance the grooves of the 
?akes are parallel to another. The printed region 14 is then 
cured in the ?eld. In the case of C1 and C2, only regionA Was 
cured in the magnetic ?eld. For the combination C3, Where 
tWo magnetically orientable groups of ?akes Were used, both 
regions A and B, optical structures 14 and 12 respectively, 
Were cured in the presence of a magnetic ?eld. 

TABLE II 

L* 51* b* C* Hue AHue AE 

Comb. C1 

Y2 55.42 —3.02 28.7 28.93 96 13 
Y3100 66.26 —2.65 36.15 36.25 94.18 1.82 
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TABLE II-continued 

L* a* b* C* Hue AHue AE 

Comb. C2 

Y2 55.42 —3.02 28.77 28.93 96 7 
Y1400 60.58 —3.04 33.77 33.91 95.15 0.75 
Comb. C3 

y1400 60.58 —3.04 33.77 33.91 95.15 6 
Y3100 66.26 —2.65 36.15 36.25 94.18 0.97 

[0046] The diffuse color measurement of regions A and B 
are presented in Table II. The resulting delta E and delta hue 
shoW that the measured colors are for all intents and purposes, 
very close and could be further improved by small changes on 
the formulations of Table 1. 

[0047] In the case of combinations C1 and C2, as the 
samples are tilted to higher vieWing angles under direct illu 
mination, the diffractive colors from regionA become visible, 
While region B displays no diffractive color effects. In the 
case of C3, regions A and B Will both display diffractive 
colors, but at different vieWing angles oWing to the different 
grating frequencies. 
[0048] For the color measurement under direct illumina 
tion, a Model GSP-lB goniospectrophotometer manufac 
tured by Murakami Color Research Labs Was used. This 
instrument is capable of measuring color under a variety of 
different illumination and vieWing angles. As illustrated in 
FIG. 1e, the illumination Was ?xed at —80° incidence and the 
vieWing angle Was varied from —65° to 80° by 5 degrees steps. 

[0049] FIG. 2, schematically shoWs the separation of inci 
dent White light in the case of —80° incidence on a grating With 
a groove frequency of 3100 lines per millimeter (l/mm). For 
this frequency and angle of incidence, only the —1St order is 
partially observed at about —15° vieWing, starting at violet 
(400 nm) and passing through blue and green until an orange 
color (corresponding to a Wavelength of about 600 nm) is 
observed at high angles (close to 90°). 

[0050] In the example With a grating With a groove fre 
quency of 1400 l/mm, and for the same angle of incidence, the 
—1“, —2D01 orders With are completely observed When light in 
the visible from 400 to 700 nm is used. The 3rd order is 
partially observed With a green-blue coloration. In is notable 
that the intensity of the orders decreases as the number of the 
order increases. 

[0051] When a dye or a colorant is added to the formula 
tion, the pigments continue to disperse the light. HoWever, the 
dispersed light no longer shoWs all the colors of the rainboW 
since some of the rays Will be partially “?ltered” by the 
colorant utiliZed (yelloW in this case). 

[0052] The Murakami color results are plotted in an a*, b* 
plot of the CIELAB system. In this system, +a* and —a* 
represent red and green and +b* and —b* represent yelloW and 
blue respectively. The lightness of the color is on an axis 
orthogonal to the plane changing from black (L*=0) to White 
(L*=100). A color Will be grey in the center of the plane With 
the chroma increasing When moving aWay from the center. 

[0053] This invention uses the range of vieWing angles 
utiliZing a diffractive grating Where there is no diffraction, for 
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example, in FIG. 2, betWeen normal and —1 5 degrees, to 
match the native color of the diffractive material or dye, in the 
instance Where dye is added, With another region to provide a 
metameric device. 

[0054] FIG. 4 shoWs the results for the formulations corre 
sponding to the combination C1. Formulation 3100Y shoWs 
strong diffractive colors starting in the 1St yelloW-red quad 
rant and sWeeping to the 2ndl quadrant (yelloW-green) as the 
vieWing angles goes from —65° to —15° degrees. After —15° 
there is a sharp drop in chromaticity since diffractive effects 
occur only at higher angles for this grating frequency (see 
FIG. 2). In comparison, formulationY2 shoWs only relatively 
loW chromaticity yelloW colors for any vieWing angle. 

[0055] FIG. 5 shoWs the results for the formulations corre 
sponding to the combination C2. Formulation 1400Y shoWs 
diffractive colors corresponding to the three diffractive orders 
depending of the vieWing angle (see FIG. 3). Starting at —65° 
in the 1St quadrant the color moves to the 2ndl quadrant as the 
vieWing angles changes to about 40°. In betWeen —65° and 
—40° the dispersed colors correspond to a combination of the 
—3rd and —2“°1 orders and the yelloW colorant. The relatively 
loW chromaticity is due to the multiplicity of Wavelengths 
presented. From —40° to about 0° the color trajectory moves 
back from the 2D01 to the 1St quadrant (in?uence of only the 2D01 
diffractive order and the yelloW colorant) With a decrease in 
chromaticity till the trajectory ?nally moves back to the 2D01 
quadrant betWeen about 0° to +25° Where the in?uence of the 
strong 1St order again increases the chroma of the dispersed 
light. After +25° the color fades again since diffraction is not 
present at the higher angles for this grating frequency. These 
results as compared With the color trajectory of the formula 
tion Y2 shoWs that as the vieWing angles changes, the color 
and intensity of regions A and B Will differ strongly from one 
to another. 

[0056] The curves corresponding to composition C3 
depicted by FIG. 6 Were already explained and clearly shoWs 
a strong variation in appearance as the vieWing angles change, 
demonstrating the metamerism due to the difference in grat 
ing frequencies of the pigments utiliZed. 

[0057] A further characteristic of this embodiment is that if 
the OVID is rotated 90° in plane and then tilted, the side With 
the oriented diffractive ?akes no longer displays diffractive 
colors under direct illumination. 

[0058] In the instance Where the side printed With the dif 
fractive pigments is aligned along their grooves, it Will 
present a much Weaker light diffraction in all directions. 

[0059] Another embodiment of the invention is described 
in conjunction With Table III. 

TABLE III 

* Mg-Gn Non 
* Mg-Gn 3100 Diffractive 

Nazdar MP-170 screen ink 5 5 
Mg-Gn 3100 Pigment 0.75 i 
Mg-Gn non Diffractive Pigment 
Nazdar Transparent Med. Yellow i 1.5 

* values in mg 

[0060] In the embodiment depicted by Table III tWo formu 
lations are used to print regions A and B Which are separate 
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but adjacent to one another. The Mg-Gn pigment is a special 
effect pigment using pure thin ?lm interference to achieve a 
color-shift When vieWed at different angles. The pigment 
?akes are symmetrical and consist of a 5 layer stack, 
Cr/MgF2/Al/ MgF2/ Cr, With a thickness of MgF2 corre 
sponding to a color shift from magenta at near normal inci 
dence to greenish at higher angles of incidence. This pigment 
Was blended With a yelloW ink to match the color appearance 
of the diffractive Mg-GN 3100 pigment. 

[0061] The Mg-Gn 3100 pigment is a special effect pig 
ment using a combination of 3100 l/mm grating diffractive 
and thin ?lm interference to change the color When vieWed at 
different angles. The pigment ?akes are produced by a 7 layer 
grated stack, Cr/MgF2/Al/M/Al/MgF2/Cr, Where M is a 
metal layer With magnetic properties used in aligning the 
?akes in a magnetic ?eld. This design has the same thickness 
of MgF2 as the Mg-Gn non diffractive pigment. However, the 
thickness of MgF2 could be slightly altered to get a better 
match of the color obtained With the non diffractive pigment. 

[0062] The diffuse color measurement of regions A and B 
are presented in Table IV. 

TABLE IV 

L* A* B* C* Hue AHue AE 

Mg-Gn 41.54 23.65 —3.25 23.87 352.17 5 
Mg-Gn 3100 43.6 27.97 —6.04 28.61 347.81 4.36 

[0063] The resulting delta E and delta hue shoWs that the 
measured colors at the predetermined angle are very close and 
can be further improved by changing the formulations of table 
111. 

[0064] FIG. 7 shoWs the a*,b* color trajectory for sides A 
and B under direct illumination, Where the incidence angle 
Was ?xed at —80° and the vieWing angle Was varied betWeen 
—65° to 80° in 5 degree increments. A difference in color 
appearance With changes in vieWing angle is noteWorthy. 
From 80° to 15° the color trajectories of these tWo inks folloW 
similar parallel paths. After 15°, the light dispersed from the 
3100 l/mm diffractive pigment becomes dominant (see FIG. 
3) and the color trajectory goes through the 4th, 3rd and 2D01 
quadrants. The color trajectory of the non diffractive Mg-Gn 
ink fades toWard the center of the graph (achromatic point). 
Finally, When the Mg-GN 3100 print shoWs a high chroma 
yelloW color that is diffracted back toWard the illuminating 
source at an angle of —65, the Mg-Gn non diffractive ink is 
totally colorless as represented by the color coordinates close 
to the achromatic point. 

[0065] As for the cases of combinations C1, C2, and C3, a 
further characteristic of this group of sub -embodiments is that 
if the OVID is rotated 900 in plane and then tilted, the side 
With the oriented diffractive ?akes no longer displays diffrac 
tive colors under direct illumination but only the interference 
color trajectories (Magenta-Green in this case) from the thin 
?lm design are seen. 

[0066] In the same Way, if the region printed With the dif 
fractive pigments is not groove aligned, it Will present a 
Weaker light diffraction in all directions. 

[0067] An alternative embodiment is shoWn, in reference to 
Table V Which depicts the tWo formulations used to print 
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areas A and B. The Gn-Bl pigment is a special effect pigment 
using pure thin ?lm interference to produce a color change 
When vieWed at different angles. 

TABLE V 

* Gn-Bl 125 * RD8 

Nazdar MP- 170 5 5 
GN-BL 125 0.75 i 

US Aluminium D507 — GR i 1 

Gn-Bl non Diifractive Pigment i 0.4 

ENglehard Veg. Black Olive 90COZ i 0.5 

[0068] The pigment ?akes are produced by a 5 layer stack, 
Cr/MgF2/Al/MgF2/Cr, With a thickness of MgF2 corre 
sponding to a color shifting from green at near normal inci 
dence to bluish at higher angles. This pigment Was blended 
With a commercially available olive ink and a metallic alumi 
num pigment to match the color appearance of the diffractive 
Gn-Bl 125 pigment. 

[0069] The Gn-Bl 125 pigment is a special effect pigment 
using a combination of 125 l/mm grating having an 8 micron 
pitch With 1 micron modulation. Here diffractive and thin ?lm 
interference occurs to change the color When vieWed at dif 
ferent angles. A magni?ed vieW of the pigment is shoWn in 
FIG. 8. 

[0070] For this loW frequency grating, the separation of 
incident White light When illuminated at —80° incidence pro 
duces a multitude of diffractive orders superimposed betWeen 
them. Taking into account only the extremes in the visible 
spectrum, the ?rst diffractive order that appears is the —1St 
order violet (400 nm) at 69° and the last visible red (700 nm) 
corresponding to the —22 order is diffractive at —70°. 

[0071] The diffractive pigment ?akes are produced by 
depositing and stripping off a 7 layer grated stack, Cr/MgF2/ 
Al/magnetic layer/Al/MgF2/Cr, With the same thickness of 
MgF2 as the Gn-Bl non diffractive pigment. 

[0072] Under diffuse illumination, the resulting delta E and 
delta hue values in Table VI shoWs that the measured colors 
are very similar and for all intents and purposes, match. 

TABLE VI 

Gn-Bl 125 55.35 
RD8 62.51 

—31.32 22.1 38.33 
—25.84 25.84 36.27 

144.79 
135.44 9.35 9 

[0073] FIG. 9 shoWs the a*,b* color trajectory for sides or 
areas A and B, as formulated in Table V, under direct illumi 
nation Where the incidence angle Was ?xed at —80° and the 
vieWing angle Was varied betWeen —65° to 80° in 5 degree 
increments. Both inks travel through the 3rd and 4th quadrants. 
HoWever, the chromaticity of the Gn-Bl 125 is much higher 
than RD8 as evidenced by the length of the color trajectory 
from the achromatic point. 

[0074] Referring noW to FIGS. 10a and 10b, an image is 
shoWn Wherein a bird is printed upon a substrate With non 
diffractive color shifting pigment. The square surrounding the 
bird is printed With a diffractive 3100 pigment and the bird 
Was printed With a non-diffractive but color shifting pigment. 
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In this instance, these properties are utilized to produce 
DOVIDs that shoW interesting visual properties. These 
DOVIDs under diffuse illumination shoW iridescent color 
shift effects that are quite different to holographic effects. 
When illuminated at high angles hoWever, diffractive colors 
become visible. FIG. 1e0a shoWs an example of this type of 
device; for near normal angles of incidence the tWo areas, that 
is the bird and the surrounding region shoW the same color 
(red). Under diffuse illumination, a shift to gold occurs. HoW 
ever, When illuminated at high angles as shoWn in FIG. 10a, 
only the background area corresponding to the diffractive 
pigment is seen at high vieWing angles. The non-diffractive 
area corresponding to the shape of the bird appears dark. 
Using additive color theory, one can formulate a pigment With 
or Without special effects such as color shifting that matches 
a non-diffractive pigment at one angle but changes to a dif 
ferent color at other angles. Devices of this kind can be 
described as having diffractive metameric properties provid 
ing easy to identify “hidden” effects attractive to the docu 
ment security market. 

[0075] As Was described heretofore, the diffractive pig 
ments may be comprised of single layer ?akes in a binder 
Wherein the binder may be tinted, or multi-layer ?akes may be 
used. 

[0076] In one embodiment the ?akes may consist of a single 
magnetic layer (e.g. nickel, iron, cobalt, etc) deposited on a 
diffraction grating. In this instance the magnetic layer is 
deposited upon a base layer that is embossed. 

[0077] Alternatively, a 3 -layer design may be implemented 
Wherein another material such as Aluminum, Copper, or TiN 
surrounds the magnetic layer to produce color inherent to the 
material. 

[0078] Alternatively, a 5-layer design may be, deposited on 
a diffraction grating, Where a protective material, for 
example, a ceramic-like material is deposited over the tWo or 
three layer structures mentioned above. 

[0079] Alternatively, a 7-layer design may be deposited 
upon a diffraction grating, Wherein the stack of layers 
includes absorber/dielectric/re?ector/magnetic material/re 
?ector/dielectric/absorber (A/D/R/M/R/D/A), Where the 
index of refraction of the dielectric layer is less than 1 .65. This 
creates an optically variable design by thin ?lm interference 
in addition to the diffractive interference produced by the 
grating, 
[0080] In another embodiment a 7-layer design as 
described above may be implemented Wherein the index of 
refraction of the dielectric layer is more than 1.65. This pro 
duces a sloWer shifting optically variable design in addition to 
the diffractive interference produced by the grating. 

[0081] In yet an alternative embodiment the diffractive 
?akes may be embodied by a 5-layer design deposited on a 
diffraction grating, consisting of an absorber/dielectric/re 
?ector/dielectric/absorber Where the absorber is a magnetic 
material. 

[0082] In the various aforementioned optical designs pre 
viously described the frequency of the grating may be modi 
?ed, resulting in diffractive light dispersion at varying angles. 

[0083] It should be understood that this invention includes 
an OVID consisting of adjacent areas printed With any com 
bination of the above designs, such that under one set of 
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illumination and vieWing conditions, the areas are similar or 
the same in appearance and color. As is shoWn in FIGS. 10 and 
1d, the tWo regions may be adjacent to one another by Way of 
being side-by-side as structures 12 and 14 are shoWn to be in 
FIG. 10, or on opposite sides of the substrate 10 as shoWn in 
FIG. 1d. 

[0084] In the embodiments described heretofore, the dif 
fractive and non-diffractive pigments have been described as 
having a color, for example for diffractive pigments at angles 
Where diffraction Was absent. This color is either the color of 
the material or a color of a dye Which surrounds the material, 
or is a color effect such as color-shifting provided by the 
optical structure, or is a combination thereof. 

[0085] HoWever, in a less preferred embodiment semitrans 
parent diffractive ?akes can be used, Wherein the diffractive 
semitransparent ?akes exhibit no diffraction at certain vieW 
ing angles, and Wherein the region they cover and an adjacent 
region match in color by virtue of the transparency of the 
diffractive semi-transparent ?akes. For example, if the ?akes 
in FIG. 111 have a ?rst coating 14 directly upon the substrate 
that covers the entire substrate and a second coating 12 of 
non-diffractive ?akes that is the same color as the substrate, at 
certain angles the coating 14 Will be transparent and absent of 
diffraction and there Will a color match betWeen the letters 
JDSU and the substrate. It Will appear as if the coating 14 is 
matched in color to the coating 12. 

[0086] Notwithstanding, in the preferred embodiment this 
invention uses the region of vieWing Where there is no dif 
fraction seen from the diffractive coating for a speci?c illu 
mination angle and match the native color of the diffractive 
pigment at the Zero order With the other different adjacent 
coating. 

[0087] The diffractive ?akes may be groove aligned With 
one another so that diffractive effects seen can be maximiZed. 

Furthermore, all or some of the ?akes canbe aligned out of the 
plane of the substrate to be upstanding, for example at 45 
degrees to the substrate. By having regions that are in-plane 
and groove aligned, and other regions that are out of plane 
groove aligned, matches in color can be obtained at different 
angles; by Way of example for a match at normal and at a color 
match at 45 degrees groups of diffractive ?akes could be 
oriented and out of plane to achieve this. 

[0088] In the preferred embodiment of this invention, for 
example as shoWn in FIGS. 1a through 1d, optical structures 
are formed in separate regions and these structures are sepa 
rate from one another and discernable. HoWever the indicia 
JDSU as coating 12 as shoWn in FIG. 111 could be applied over 
diffractive coating 14 covering it. In this manner the letters 
JDSU Would still be visible and distinguishable at angles 
Where there Was no color match; and Would be the “same 
color” at angles Where there Was a color match and only Zero 
order diffraction occurs. 

[0089] In a less preferred embodiment of the invention the 
tWo different types of optical ?akes can be mixed together in 
a desired ratio, blending into a single same color in the 
absence of diffraction, and having a blended appearance of a 
perceived different color in the presence of diffraction. Of 
course this blend could also be applied to a ?rst region that is 
adjacent to a region having only the same non-diffractive 
?akes, the tWo regions thereby matching in color in the 
absence of diffraction being seen. 
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[0090] While the present invention has been described With 
reference to several embodiments thereof, those skilled in the 
art Will recognize various changes that may be made Without 
departing from the spirit and scope of the claimed invention. 
Accordingly, the invention is not limited to What is shoWn in 
the draWings and described in the speci?cation, but only as 
indicated in the appended claims. 

What is claimed is: 
1. An optically variable article comprising: 

a substrate having a ?rst surface and a second surface; 

?rst and second optical devices having different optical 
properties formed on ?rst and second regions carried by 
the ?rst surface or the second surface, one of the ?rst and 
second optical devices being optically variable and 
forming a pair carried by the substrate in spaced-apart 
positions to permit vieWing at the same time by the 
human eye, Wherein said ?rst and second optical devices 
appear to the human eye to have the same matching color 
at one angle of incidence betWeen 0 degrees and 90 
degrees for a color match angle and being Without color 
match at other angles of incidence, Wherein the ?rst 
optical device comprises a diffractive optical structure 
having a diffractive pattern de?ned therein or thereon. 

2. An optically variable article as de?ned in claim 1, 
Wherein said diffractive optical structure comprises a plural 
ity of diffractive optical ?akes Wherein there is essentially no 
visible diffraction When a color match is seen, and Wherein 
the second optical device includes a plurality of optical effect 
?akes. 

3. An optically variable article as de?ned in claim 1 
Wherein the ?akes of at least one of the ?rst and second optical 
device include single layered ?akes of a ?rst re?ective mate 
rial. 

4. An optically variable article as de?ned in claim 3 
Wherein the single layered ?akes are disposed in a carrier of a 
different color than the ?rst re?ective material for tinting the 
?rst re?ective material. 

5. An optically variable article as de?ned in claim 3 
Wherein the single layered ?akes have the diffractive pattern 
therein or thereon. 

6. An optically variable article as de?ned in claim 1 
Wherein the second optical device includes multilayer ?akes. 

7. An optically variable article as de?ned in claim 1 
Wherein one of the ?rst and second optical devices includes 
magnetically aligned ?akes. 

8. An optically variable article as de?ned in claim 6 
Wherein the magnetically aligned ?akes are color shifting 
?akes. 

9. An optically variable article as de?ned in claim 1 
Wherein optically variable diffractive ?akes are oriented in a 
same fashion along their diffractive pattern and Wherein the 
diffractive ?akes form the ?rst optical device. 

10. An optically variable article as de?ned in claim 1 
Wherein a plurality of the optically variable diffractive ?akes 
are oriented to be out-of-plane and at least partially upstand 
ing With respect to the substrate. 

11. An optically variable article as de?ned in claim 1 
Wherein optically variable diffractive ?akes are oriented in a 
same fashion along diffractive grooves formed therein form 
ing the diffractive pattern and Wherein the diffractive ?akes 
form the ?rst optical device, and Wherein the second optical 
device is comprised of non-diffractive ?akes. 
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12. An optically variable article as de?ned in claim 11, 
Wherein the non-diffractive ?akes are one of single layer 
monochromatic ?akes and multilayer color shifting ?akes. 

13. An optically variable article as de?ned in claim 11 
Wherein the non-diffractive ?akes are disposed in a carrier of 
a different color than the color of the non-diffractive ?akes for 
tinting the non-diffractive ?akes to appear a ?rst color. 

14. An optically variable article as de?ned in claim 13 
Wherein the same matching color is the ?rst color. 

15. An optically variable article as de?ned in claim 13 
Wherein the brightness of the ?rst color in the second region 
varies With angle of vieWing or incident light. 

16. An optically variable article as de?ned in claim 1 
Wherein at least one of the ?rst and second optical devices 
includes a metal-dielectric interference stack. 

17. An optically variable article as in claim 1 Wherein at 
least one of the ?rst and second optical devices includes an all 
dielectric interference stack. 

18. An optically variable article as de?ned in claim 1 
Wherein said color match angle is a high angle of incidence of 
30 degrees and greater. 

19. An optically variable article as de?ned in claim 1 
Wherein said color match angle is a high angle of incidence of 
70 degrees and greater. 

20. An optically variable article as in claim 1 Wherein one 
of said ?rst and second optical structures is non-optically 
variable. 

21. An optically variable article as de?ned in claim 1 
Wherein the ?rst and second regions are non-overlapping. 

22. An optically variable article as de?ned in claim 1 
Wherein one of the ?rst and second regions is surrounded by 
the other. 

23. An optically variable article as de?ned in claim 1, 
Wherein one of the ?rst and second regions forms a logo, 
indicia, or image and Wherein the other of the ?rst and second 
regions forms a visible background to the logo, indicia or 
image at angles Where the tWo regions are unmatched in color. 

24. An optically variable article as de?ned in claim 23 
Wherein the ?rst region is comprised of a plurality of diffrac 
tive optical ?akes, and Wherein the second region is com 
prised of a plurality of optical ?akes having different optical 
properties from the plurality of diffractive optical ?akes, and 
Wherein the color match is Within a value of AE less or equal 
to 10. 

25. An optically variable article as de?ned in claim 1, 
Wherein the ?rst and second optical devices are opaque and 
Wherein a symbol or indicia is visible only When the colors of 
the ?rst and second regions are unmatched. 

26. An optically variable article comprising a substrate 
having a ?rst surface and a second surface and a plurality of 
?rst and second optical devices carried by the ?rst or second 
surface, Wherein each of said ?rst optical devices is a diffrac 
tive pigment ?ake, and Wherein each of said second optical 
devices are non-diffractive ?akes having an optical effect, 
Wherein said ?rst and second optical devices are in positions 
supported by one of the surfaces of the substrate to permit 
vieWing at the same time by the human eye, said ?rst and 
second optical devices having the same matching color at one 
angle or band of angles of incidence betWeen 0 degrees and 90 
degrees for a color match angle and being Without color 
match at other angles of incidence, Wherein the color match 
occurs When essentially no diffractive effects are seen. 

* * * * * 


