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(57) Abstract: An article includes a substrate and a graphical component forming an image and an optical component which in 
O cludes magnetic pigment flakes aligned so as to form a frame pattern which surrounds the image. When light is incident upon the 

pigment flakes from a light source, light reflected from the frame pattern forms a dynamic frame which surrounds the image and ap 
pears to move as the substrate is tilted with respect to the light source. The image appears to be stationary when the dynamic frame 
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ARTICLE WITH A DYNAMIC FRAME FORMED WITH ALIGNED PIGMENT FLAKES 

TECHNICAL FIELD 

[0001] The present invention relates generally to optically variable devices and, more 

particularly, to aligning or orienting magnetic flakes in a painting or printing process in order to 

obtain an illusive optical effect.  

BACKGROUND OF THE INVENTION 

[0002] Optically variable devices are used in a wide variety of applications, both decorative and 

utilitarian; for example, such devices are used as security devices on commercial products.  

Optically variable devices can be made in numerous ways to achieve a variety of effects.  

Examples of optically variable devices include the holograms imprinted on credit cards and 

authentic software documentation, color-shifting images printed on banknotes and enhancing the 

surface appearance of items such as motorcycle helmets and wheel covers.  

[0003] Optically variable devices can be made as a film or foil that is pressed, stamped, glued, or 

otherwise attached to an object, and can also be made using optically variable pigments. One type 

of optically variable pigments is commonly called color-shifting pigments because the apparent 

color of images appropriately printed with such pigments changes with the change of the angle of 

view and/or illumination. A common example is the numeral "20" printed with color-shifting 

pigments in the lower right-hand corner of a U.S. twenty-dollar bill, which serves as an anti

counterfeiting device.  

[0004] Optically variable devices can also be made with magnetic pigments that are aligned with 

a magnetic field. After coating a product with a liquid composition, a magnet with a magnetic 

field having a desirable configuration is placed on the underside of the substrate. Magnetically 

alignable flakes dispersed in a liquid organic medium orient themselves parallel to the magnetic 

field lines, tilting from the original orientation. This tilt varies from normal to the surface of a 

substrate to the original orientation, which included flakes essentially parallel to the surface of the 

product. The planar oriented flakes reflect incident light back to the viewer, while the reoriented 

flakes do not.
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[0005] Some anti-counterfeiting devices are covert, while others are intended to be noticed.  

Unfortunately, some optically variable devices that are intended to be noticed are not widely 

known because the optically variable aspect of the device is not sufficiently dramatic. For 

example, the color shift of an image printed with color-shifting pigments might not be noticed 

under uniform fluorescent ceiling lights, but is more noticeable in direct sunlight or under single

point illumination. This can make it easier for a counterfeiter to pass counterfeit notes without the 

optically variable feature because the recipient might not be aware of the optically variable 

feature, or because the counterfeit note might look substantially similar to the authentic note 

under certain conditions.  

[0006] In order to make optical security devices highly noticeable, relatively high concentrations 

of magnetic flakes are used for forming bright images which e.g. appear to be three-dimensional 

images. The resulting optical devices do not transmit light. Sometimes they are referred to as 

security patches, and there is a security risk associated with possible transfer of a patch to a 

forged document. Additionally, the opaque security devices formed of magnetic pigments may be 

undesirable because they essentially hide the background pattern whereas intrinsic Guilloch6 

patterns are widely relied upon in banknote printing.  

[0007] Accordingly, there is a need to mitigate the disadvantages of existing security patches. It is 

an object of the present invention to provide highly noticeable security devices where optical 

effects produced by magnetically aligned pigments cooperate with the underlying printed 

patterns, and which may be formed within high speed printing processes.  

SUMMARY OF THE INVENTION 

[0008] An article includes a substrate and a graphical component supported by the substrate 

and forming an image and a background discernible from one another; the graphical component 

includes a first coating printed with a first ink having a plurality of first pigments in a first binder, 

e.g. printed on the substrate with conventional ink(s); the first pigments may be dye particles.  

The article also has an optical component supported by the substrate, possibly printed in close 

proximity or over of the graphical component; the optical component includes a second coating of 

a second ink which has a plurality of second pigments in a second binder. The second pigments 

are pigment flakes each including a magnetic or magnetizable material, aligned so as to form a 
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frame pattern such that the frame pattern preferably surrounds at least a part of the image. Within 

the frame pattern, along a plurality of radial directions originating at the image, angles which the 

pigment flakes form with the substrate decrease until a portion of the pigment flakes are parallel 

to the substrate and then the angles along those directions increase so that, when light is incident 

upon the pigment flakes from a light source, light reflected from the frame pattern forms a 

dynamic frame which surrounds the image and appears to move as the substrate is tilted with 

respect to the light source. The image appears to be stationary, and the size and concentration of 

the pigment flakes in the second ink is such that a portion of the background adjacent to the 

dynamic frame is visible through the optical component which creates the illusion of floating, i.e.  

the image and/or dynamic frame may be perceived as floating above or below of the substrate, 

when the article is tilted and the dynamic frame appears to move. The concentration of the 

pigment flakes in the second ink may be less than 14 wt%, and preferably between 4 and 10 wt% 

of the cured, dried ink. The second ink is different from the first ink, i.e. second pigments are 

different from the first pigments, or the concentration of the first pigments in the first ink is 

different from a concentration of the first pigments in the first ink. The article may be used as a 

security device, e.g. a banknote.  

[0009] In one aspect of the invention, an article has a substrate and a graphical component 

which includes a first coating made with a first ink; the first coating forms a central image. The 

article also has an optical component which includes a second coating made with a second ink 

different from the first ink, and contains pigment flakes in a concentration of less than 14 wt%.  

The graphical and optical components are supported by the substrate, and the magnetically 

alignable flakes are aligned so as to form a frame pattern surrounding the image. Within the 

frame pattern, angles which flakes form with the substrate decrease to practically zero and then 

increase along a majority of radial directions originating at the image so that, when light is 

incident upon the magnetically alignable flakes from a light source, light reflected from the frame 

pattern forms a dynamic frame surrounding the image, wherein the first bright frame appears to 

move as the substrate is tilted with respect to the light source, and the central image appears to be 

stationary when the dynamic frame appears to move. The second coating may be printed over the 

first coating, or the first coating may be printed over the second coating so that the bright dynamic 

frame is only partially visible through gaps in the first coating. The optical component may be 

formed on a transparent plastic support and attached to the substrate supporting the graphical 

3
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component. The pigment flakes contain a permanent magnetic or mangetizable material, and are 

dispersed in the ink in a concentration preferably in the range of 4-10 wt%.  

[0010] In yet another aspect of the invention, an article includes a substrate and an optical 

component, e.g. a coating, including pigment flakes in a binder supported by the substrate. The 

optical component has a first curved region with a first plurality of pigment flakes aligned in a 

first arching pattern in cross sections of the first curved region so that light reflected from the first 

plurality of pigment flakes provides an image of a first frame. The optical component has a 

second curved region with a second plurality of pigment flakes different from the first plurality of 

pigment flakes, aligned in a second arching pattern in cross sections of the second curved region 

so that light reflected from the second plurality of pigment flakes provides an image of a second 

frame, wherein the first frame appears to move relative to the second frame when the substrate is 

tilted. The pigment flakes include a magnetic or mangetizable material for magnetic alignment of 

the flakes. Preferably, the first and second arching patterns are maintained along the first and 

second curved regions, respectively. The first and second curved regions may be different 

regions, or may coincide. The pigment flakes contain a permanent magnetic or mangetizable 

material, and are dispersed in the ink in a concentration preferably in the range of 4-8 wt%. The 

article may be used as a security device, e.g. a banknote.  

[0011] In another aspect of the invention, the pigment flakes forming the optical component 

are aligned within the binder using a magnetic assembly which includes one magnet or a plurality 

of magnets stacked one on the top of another. The magnet or stack of magnets has North and 

South poles on the top and bottom surfaces thereof, and a tapered extruded cut (through funnel) or 

a countersink cut between the top and bottom surfaces. The top and bottom openings of the cut 

may have a variety of shapes including circle, oval, square, hexagon, and other shapes, wherein 

the top and bottom openings of the cut are different in size, although, preferably, have similar 

shapes. For aligning the pigment flakes, the larger opening is preferably proximate to the 

substrate supporting the magnetically alignable pigment flakes, whereas the smaller opening is 

distal from the substrate. The magnetic assembly may include a diverter with an opening smaller 

than the top opening of the magnet or stack of magnets. Pigment flakes aligned with a magnet 

having a through countersink cut, when irradiated with light from a light source, reflect light so as 

to form a dynamic frame which changes its size when the frame appears to move thus exhibiting a 
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dynamic morphing optical effect which may be employed in the absence of the graphical 

component.  

[0012] According to another aspect of the invention, the optical component includes a binder with 

magnetically alignable pigment flakes dispersed therein; the pigment flakes are aligned using a 

magnetic field such that along the majority of radial directions, the minimal angles that the field 

lines form with the substrate decrease from 70 degrees to zero and then increase to 70 degrees, 

more preferably the angles change from 800 to zero and then again to 80'. Consequently, it is 

preferable that along at least one of the plurality of radial directions, angles that the magnetically 

alignable flakes form with the substrate decrease from 70 degrees to practically zero and then 

increase to 70 degrees; more preferably from 80' to practically zero and then again to 80'.  

[0013] In yet another aspect of the invention, an article includes a substrate, a first coating of 

a solidified binder, e.g. first ink or paint, supported by the substrate, and a second coating of a 

solidified binder, e.g. second ink or paint including pigment flakes, supported by the substrate.  

The first and second coatings form an image including an indicia, a background, and a frame 

region at least partially surrounding the indicia and covering a portion of the background pattern.  

A cross-section of the frame region has an arching pattern of aligned pigment flakes, and the 

arching pattern is maintained along the frame region so that, when irradiated by light from a light 

source, light reflected from the arching pattern forms a bright frame which at least partially 

surrounds the indicia, and moves relative to the background when the substrate is tilted relative to 

the light source. The concentration of the pigment flakes in the second ink is less than 14% by 

weight so that a portion of the background underlying the frame region outside of the bright frame 

is at least partially visible whereby the bright dynamic frame delimits an indicia-containing 

dynamic region from the background, and the dynamic region moves relative to the background 

when the substrate is tilted so that the dynamic frame or indicia appears floating above or below 

the substrate. The indicia may include a symbol, a logo, or an image. The background may 

include a pattern so that the bright dynamic frame obscures different elements of the background 

pattern as the bright frame appears to move.  

[0014] According to another aspect of the invention, an article includes a substrate and a 

multilayered image supported by the substrate, wherein the multilayered image includes an 
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indicia, a background pattern, and a coating including pigment flakes each having a magnetic or 

mangetizable material. The coating is supported by a frame region of the substrate, surrounding 

the indicia and covering a portion of the background pattern. A cross-section of the coating in the 

frame region has an arching pattern of pigment flakes, and the arching pattern is maintained along 

the frame region so that light reflected from the arching pattern forms a dynamic frame which 

surrounds the indicia and moves relative to the background when the substrate is tilted. The size 

and concentration of the pigment flakes in the second ink is such that a portion of the background 

adjacent to the dynamic frame is at least partially visible, whereby the dynamic frame delimits an 

indicia-containing dynamic region from the background, and the dynamic region moves relative 

to the background when the substrate is tilted so that the dynamic frame or indicia appears 

floating out of the plane of the substrate. The concentration of the pigment flakes in the coating 

may be less than 14% by weight of the dry ink.  

[0015] According to another aspect of the invention provides a method of authentication of a 

document or object having a frame formed by magnetically alignable flakes. In regular light 

conditions, the object is irradiated with light of a different color from an additional light source, 

possibly a flashlight. Under the regular light conditions, the object exhibits one or more bright 

frames, and when irradiated with the light of different color from the additional light source - the 

object exhibits an additional frame of the color of the light from the additional light source.  

[0016] A method of manufacturing an article for providing a morphing effect includes 

proving a coating having pigment flakes dispersed in a binder to a substrate, wherein the pigment 

flakes include a magnetic or magnetizable material, aligning the pigment flakes with a magnetic 

assembly including a magnet and a diverter, and fixing the binder. The magnet has top and 

bottom surfaces, and a through cut between the top and bottom surfaces whereby the top surface 

has a top opening and the bottom surface has a bottom opening. The magnetic axis of the 

magnetic assembly is in a direction from one to another of the top and bottom surfaces. The 

diverter is adjacent to the top surface of the magnet, wherein the top opening is only partially 

covered by the diverter.  

[0017] In another aspect of the invention, an article includes a substrate, a graphical 

component including a plurality of first pigments in a first ink supported by the substrate and 
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forming an image, and an optical component including a plurality of second pigments in a second 

ink supported by the substrate. A concentration of the second pigments in the second ink is less 

than 14 wt%, and the second pigments are pigment flakes each including a magnetic or 

magnetizable material, aligned so as to form a frame pattern such that the frame pattern surrounds 

the image and, within the frame pattern, angles which pigment flakes form with the substrate 

decrease to zero and then increase along a plurality of radial directions originating at the image so 

that, when light is incident upon the pigment flakes from a light source, light reflected from the 

frame pattern forms a dynamic frame which surrounds the image and appears to move as the 

substrate is tilted with respect to the light source, and wherein the image appears to be stationary 

when the dynamic frame appears to move.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The invention will be described in greater detail with reference to the accompanying 

drawings which represent preferred embodiments thereof, wherein: 

[0019] Fig. 1 is photographs of ring-shaped frames printed with magnetic inks having different 

concentrations of magnetically alignable flakes; 

[0020] Fig. 2 is photographs of the frames shown in Fig. 1, at a different angle of observation; 

[0021] Fig. 3 is a schematic cross-section of an ink or paint coating; 

[0022] Figs. 4 and 5 are photographs of an article; 

[0023] Fig. 6 is a schematic diagram of a magnet; 

[0024] Figs. 7-9 are photographs of an article; 

[0025] Fig. 10 is a schematic diagram of the structure of an article; 

[0026] Figs. 11-14 are photographs of an article; 

[0027] Fig. 15 illustrates a method of planarization of pigment flakes; 

[0028] Figs. 16 -18 are photographs of an article; 
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[0029] Fig. 19 is an illustration of an article; 

[0030] Fig. 20 is a schematic diagram of a magnetic assembly; 

[0031] Fig. 21 is a schematic diagram of a magnetic field; 

[0032] Fig. 22 is a schematic diagram of a magnetic field; 

[0033] Fig. 23 is a schematic diagram of a cross section of an article 

[0034] Fig. 24 is a plot of angles formed between flakes and a substrate; 

[0035] Fig. 25 is plots of head-to-tail connections of flakes; 

[0036] Fig. 25A is a schematic diagram of a field generated by a spherical magnet; 

[0037] Fig. 26 is an illustration of a convex reflective surface; 

[0038] Figs. 27 and 28 are photographs of an article; 

[0039] Figs. 29 and 30 illustrate a magnet; 

[0040] Fig. 31 is a schematic diagram of a magnetic field; 

[0041] Fig. 32 is a schematic diagram of flake alignment; 

[0042] Fig. 33 is a plot of angles formed by pigment flakes with a substrate; 

[0043] Fig. 34 is an illustration of a reflective surface; 

[0044] Figs. 35 and 36 are photographs of an article; 

[0045] Fig. 37 is a schematic diagram of an article; 

[0046] Fig. 38 is a schematic diagram of an article; 

[0047] Fig. 39 is an illustration of a reflective surface; 

[0048] Figs. 40 and 41 are photographs of an article; 
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[0049] Fig. 42 is a schematic diagram of an article; 

[0050] Figs. 43 and 44 are photographs of an article; 

[0051] Figs. 45 and 46 illustrate magnets; 

[0052] Figs. 47 and 48 are schematic diagrams of a magnetic assembly; 

[0053] Fig. 49 is a schematic diagram of a magnetic field; 

[0054] Fig. 50 is a photograph of an article; 

[0055] Figs. 51-58 are photographs of articles; 

[0056] Fig. 59 is a photograph of an article; 

[0057] Fig. 60 illustrates a magnet; 

[0058] Fig. 61 is a schematic diagram of an article; 

[0059] Fig. 62 is a schematic diagram of an article; 

[0060] Figs. 63 and 64 illustrate a magnet; 

[0061] Figs. 65 and 66 are photographs of an article; 

[0062] Fig. 67 is a schematic diagram of a magnetic assembly; 

[0063] Fig. 68 is a schematic diagram of a magnetic assembly; 

[0064] Fig. 69-71 are photographs of a printed article; 

[0065] Fig. 72 is a schematic diagram of a magnetic field; 

[0066] Fig. 73 is a schematic diagram of a magnetic field; 

[0067] Fig. 74 is a schematic diagram of a magnetic assembly; 

[0068] Fig. 75 is a photograph of a printed article; 

9
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[0069] Fig. 76 is a schematic diagram of a magnetic assembly; 

[0070] Fig. 77 and 78 are photographs of a printed article; 

[0071] Fig. 79 is a schematic diagram of a magnetic assembly; 

[0072] Fig. 80 and 81 are photographs of a printed article; 

[0073] Fig. 82 is a schematic diagram of a magnetic assembly; 

[0074] Figs. 83 and 84 are photographs of a printed article; and, 

[0075] Figs. 85 through 88 are photographs of a printed article.  

DETAILED DESCRIPTION 

[0076] A previously unknown effect has been discovered by the inventors in their experiments 

with optically variable frames surrounding symbols printed in regular ink: a bright frame formed 

by light reflected from magnetically aligned pigment flakes appears to float parallel to the 

substrate whereon the magnetic ink is printed. Unexpectedly, the bright frame appears to move 

above or below the surface of the substrate.  

[0077] The purpose of the experiments was to combine optical effects generated by magnetically 

aligned flakes with conventional printed graphical images; the inventors were using optically 

variable images as frames surrounding printed images. The optically variable frames 

simultaneously serve as security features per se, because they are difficult to reproduce, as 

decorative elements for their spectacular optical effects, as well as for attracting a human eye to 

the image surrounded by the frame, the way guilloche patterns highlight denomination numerals 

on banknotes.  

[0078] Conventionally, optically variable images are printed with inks having around 20-30 wt% 

concentration of magnetically aligned flakes in a clear binder. Even higher concentrations have 

been considered in order to improve the visibility of a relatively narrow frame which surrounds an 

image. However, the inventors unexpectedly found advantages in using a diluted magnetic ink.  

10
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[0079] It has been found that, counter intuitively, dynamic frames printed with a diluted ink have 

better defined shapes and are more distinct from the background than frames printed with high

concentration inks. Apparently, a diluted magnetic ink allows removal of unwanted effects and 

shadows. In particular, the background overprinted with a low-concentration magnetic ink is 

distinctly visible through the magnetic ink practically everywhere, with the exception of a region 

where the magnetically alignable flakes are aligned in a predetermined manner so as to focus 

reflected light to form a bright image.  

[0080] For focusing, or concentrating, the reflected light, the magnetic reflective flakes are 

aligned in a frame pattern which may be characterized by the pattern's cross-section between the 

inner and outer imaginary contours of the frame. The frame pattern may surround an image, e.g.  

a numeral or logo printed with regular non-magnetic ink, the way a wooden frame surrounds a 

painting. The cross-section of the frame pattern formed of the aligned pigment flakes then 

corresponds to the cross-section of a wooden plank of the painting's frame. In the cross-section 

of the frame pattern formed of the pigment flakes, in the central part of the cross-section, a 

portion of the pigment flakes are aligned parallel to the substrate. The cross-section of the frame 

pattern also includes pigment flakes tilted so that the angles which the pigments flakes form with 

the substrate gradually increase on both sides of the central part of the cross-section. In other 

words, when the frame pattern is dissected along a radial direction originating at the image 

surrounded by the frame, in the cross-section of the frame pattern, angles which flakes form with 

the substrate decrease from at least 70 degrees and preferably from 80 degrees to practically zero 

(the flakes are essentially parallel to the substrate) in the central part of the cross-section, and then 

again increase to at least 70 degrees and preferably to 80 degrees. The pigment flakes within the 

fame pattern may be thought of as forming a Fresnel reflector which to some degree focuses, or 

concentrates, reflected light into a bright image visible to an observer. It turned out that the 

diluted inks with the concentrations as low as 4 wt% provide adequately noticeable images 

formed by light reflected from the frame patterns of aligned reflective flakes.  

[0081] On other portions of the substrate, absent of a light-focusing pattern, the magnetic ink 

is practically invisible because of the low concentration of the ink. Fig. 1 presents photographs of 

ring-shaped frames printed on a black background with a magnetic ink and aligned using the same 

magnetic field configuration. The difference between the two images is that the left image 200 is 

11
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printed with an ink having 25 wt% of magnetically alignable flakes , whereas the right image 210 

is printed with an ink having 7.5 wt% of magnetically alignable flakes; the weight percentage 

relates to in cured, dried inks. Both images show bright rings 205 and 215, respectively. In 

addition, the left image 200 having a higher concentration of magnetic flakes shows a shadow 220 

which is practically absent in the right image 210. Although the right ring 215 may appear less 

bright than the left ring 205, the right ring 215 is better delimited from the background and thus is 

more legible. Accordingly, the decrease of ink concentration unexpectedly improves the illusive 

image formed by focusing reflected light.  

[0082] It can be appreciated that, when the substrate 210 is tilted, or a light source moves relative 

to the substrate, a different group of flakes reflect light into the eye of an observer, whereby the 

bright image appears to move. Fig. 2 shows the same printed images 200 and 210 tilted with their 

upper edge away from the observer; the bright rings 205 and 215 have moved into the positions 

205' and 215', and the shade 200 has become an even more noticeable shade 220'. In other 

words, the illusive movement of the right ring 215 is easier to recognize than the movement of the 

left ring 205, because the left ring 205 leaves a wide trace of shadows 220 and 220' when the ring 

moves.  

[0083] Another previously unnoticeable effect became apparent with the use of the low

concentration ink: the focus of reflected light appears to be out of the plane of the coating made of 

the magnetic ink. Consequently, the entire right ring 215 may appear to float above or below the 

surface of the substrate. It is our understanding that the left ring 205 printed with a high

concentration ink lacks the floating effect because the exact position of the bright ring 205 is 

obfuscated by the shadows 220.  

[0084] For providing the floating effect, the size and concentration of the pigment flakes in 

the magnetic ink should be chosen so as to make a portion of the background overprinted with a 

low-concentration magnetic ink and adjacent to the moving ring visible through the magnetic ink.  

This delimits the ring from the background, making the ring appear as a separate illusive element, 

so that the shape and position of the ring are defined by the curved alignment of the flakes. It 

may be thought that the visibility of the background near the ring separates the ring from the 

substrate, whereas the alignment of the flakes concentrating the reflected light enables a distance 

12
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between the ring and the substrate, and the visible background serves as a frame of reference for 

the movements of the ring. Thus the visibility of the background and the alignment of the flakes 

synergistically provide the floating effect.  

[0085] Based on the aforedescribed observations, it has been suggested to make printed 

articles with dynamic stereoscopic effects.  

[0086] With reference to Figs. 4-9, an article, which may be used as an optical security 

article, includes a substrate 301, and a first coating supported by the substrate 301. The first 

coating forms a graphical component including a central image 304 and possibly a background 

pattern such as rosettes 302 and 303; the image 304 is clearly discernible from the background 

rosettes 302 and 303. The first coating has first pigments in a first binder, and may be printed 

with a first ink which in this case is a regular, conventionally-tinted ink. The article further 

includes a second coating also referred to as an optical component 305, also supported by the 

substrate 301.  

[0087] The second coating is made with a plurality of second pigments in a second binder 

which form a second ink which is different from the first ink. The second coating is shown as an 

opaque coating in Fig. 5, as it was immediately after printing when magnetic ink has not been 

exposed to the magnetic field yet. The second pigments are pigment flakes each including a 

magnetic or magnetizable material so as to make the flakes magnetically alignable in a liquid 

binder.  

[0088] In the second coating, in the solidified second binder, the pigment flakes are aligned 

so as to form, within the second coating 305, a frame pattern surrounding the image. In a cross

section of the coating shown in Fig. 3, which will be discussed in more detail later, the frame 

pattern of flake alignment is represented by two regions 515. Within the frame pattern, angles 

which flakes form with the substrate decrease to practically zero (the flakes are parallel to the 

substrate) and then increase along a plurality of radial directions originating at the image, such as 

directions 516 shown in Fig. 3. When light is incident upon the pigment flakes from a light 

source, light reflected from the frame pattern forms a bright dynamic frame 306 surrounding the 

image 304. Pigment flakes in the rest of the second coating 305 are not visible because they have 

been aligned by the applied field at steep angles to the substrate that makes the coating 305 
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transparent and useful for viewing of the rosettes 302 and 303. For the purpose of this application, 

the term "surrounding" is understood as "at least partially surrounding" and possibly having gaps 

or openings if printed in patterns. The bright dynamic frame 306 in Fig. 7 appears to move as the 

substrate is tilted with respect to the light source, and the image 304 of the numeral "10" appears 

to be stationary when the bright frame appears 306 to move. The "bright frame" is a dynamic 

frame formed by light reflected from the aligned pigment flakes, the dynamic frame is noticeable 

because it is brighter than the background and, preferably, brighter than the central image. The 

dynamic frame 306 may be perceived as floating below or above the substrate 301, which 

depends on the spatial imagination of the observer and the convex or concave alignment of the 

flakes in the frame pattern 615 (Fig. 3). In general, an observer may perceive an image formed by 

a concave reflector as moving toward the observer when the article is tilted with its upper edge 

away from the observer, and may perceive an image formed by a convex reflector as moving 

away from the observer when the article is tilted with its upper edge away from the observer. The 

pigment flakes within the fame pattern may be thought of as forming a convex Fresnel reflector 

which creates a virtual image of the light source behind the surface of the substrate. In this case, 

an observer may see the image of the light source in the form of the bright dynamic frame 306 

which moves underneath the central image 304 creating the illusion of some space therebetween, 

and the central image 304 may be perceived as positioned above the bright frame 306.  

[0089] For providing the floating effect, the concentration of the pigment flakes in the second 

ink should be chosen so as to make a portion of the background overprinted with a low

concentration magnetic ink and adjacent to the moving ring visible through the magnetic ink, or at 

least partially visible so that the background pattern is discernible with an unaided human eye.  

Accordingly, the concentration and size of the flakes should be chosen such as to provide the at 

least partial visibility of the background. In other words, a suitable concentration of the pigment 

flakes in the ink, which is defined by the weight of the flakes in dry, cured ink, depends on the 

size and density of the flakes. A person skilled in the art, given particular magnetic flakes, would 

easily find a suitable ink concentration which provides the visibility of the background. In 

general, the second ink may have a concentration of the pigment flakes of less than 14 wt%, 

preferably in the range between 4 and 14 wt%, and more preferably between 5 and 12 wt%.  
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[0090] The central image 304 and the background pattern 302 and 303 may be printed in one or 

more colors, i.e. using one or more inks. A variety of background patterns may be employed in 

place of the rosettes 302 and 303, and a variety of images may be used in place of the numeral 

304.  

[0091] The second coating 305 may be printed onto the substrate 301 over the first coating which 

provides the graphical component including printed elements 302-304. Alternatively, the 

graphical component may be printed over the optical component so that the bright frame is visible 

through gaps in the graphical component as discussed further with reference to Figs. 13 and 14.  

[0092] The optical component 305 (Fig. 5) formed of the magnetic ink may be printed onto a thin 

transparent plastic support sheet as illustrated in Figs. 37 and 38. After aligning the magnetic 

pigment particles in an external magnetic field, the transparent polymer-based support sheet is 

attached to the substrate 301 over the graphical component. The support sheet may be adhesively 

laminated to the substrate 301, e.g. with a printed side of the sheet adjacent to graphical 

component on the substrate 301.  

[0093] In a particular example, the substrate 301 (Fig. 4), possibly a fragment of a banknote, has 

a large Guilloche rosette 302, a small six-pointed Guilloche rosette 303, and a numeral 304 

printed on the surface of the note with a conventional technique. Magnetic ink, containing Gold

to-Green color-shifting magnetically alignable pigment flakes dispersed in clear UV-curable ink 

binder, was printed on the note in the shape of a circle 305 as shown in Fig. 5. The concentration 

of the pigment flakes in the dry, cured ink was 5 wt%. The circle was opaque immediately after 

the printing procedure as shown in Fig. 5, but became transparent in most areas after aligning the 

flakes at steep angles to the substrate with the applied magnetic field, and solidifying the binder.  

In this embodiment, the second coating 305 covers the image 304, however, due to the low 

concentration of the second ink and the normal or near-normal orientation of the flakes the image 

304 may be visible through the second coating; preferably, the flakes in the second coating above 

the image 304 are oriented normally to the substrate. Alternatively, the second coating 305 may 

have an aperture above the image 304.  

[0094] The substrate 301 with the wet ink was placed on the top of a hexagonal magnet with 

a tapered extruded cut (a through funnel cut) as illustrated in Fig. 6. The magnet had a hexagonal 
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funnel-like cavity (a through cut) in its center. The center of the magnetic print was registered 

with the magnet so that their centers coincided. The ink was cured with UV light after magnetic 

platelets completed their alignment in the field of the magnet forming an enclosed convex 

hexagonal rolling effect. The hexagon 306 (Fig. 7) surrounds the numeral 304 close to periphery 

of the small Guilloche rosette 303. The six-pointed shape of the rosette 303 was specifically 

designed to match the size and the shape of the magnetically formed hexagon 306.  

[0095] After the curing, the ink has completely changed its appearance. Fig. 7 shows the resulting 

article at the normal angle of observation. A bright, narrow-lined gold hexagon 306 has been 

formed by light reflected from the layer of magnetically oriented ink 305 above the cut of the 

magnet shown in Fig. 5. All other regions of the magnetic ink 305 became transparent allowing 

observations of the Guilloche rosettes 302 and 303 in fine detail. At the normal angle of 

observation, the hexagon 306 may be seen as it were located underneath the surface of the print 

below the dark green circle with the numeral. At this angle, a corner of the bright hexagon 306 

appears to be in a position marked by a circle 307, so that the hexagon obscures a portion of the 

rosette there. Nearest regions of the graphical image, marked by circles 308 and 309, are not 

obscured and are clearly visible.  

[0096] If the sample is tilted with its upper edge toward an observer, as shown in Fig. 8, the 

observer may see the bright hexagon 306 moving in the direction opposite to the tilt. The corner 

of the hexagon 306 approaches the edge of the magnetic print 305 and obscures the place 308 

leaving the place 307, where the bright frame 306 was at the normal angle, unobscured. There is 

no shadow effects in the printed security feature. An observer may perceive the hexagon 306 as 

floating out of the plane of the rosette 303 because the hexagon obscures different portions of the 

rosette 303. The image 304, especially if it is of a light or bright color, may be perceived as being 

closer to the observer and thus floating with or above the hexagon.  

[0097] When the printed article is tilted to the left or to the right, the hexagon moves in the 

direction opposite of the tilt. Fig. 9 demonstrates the tilt of the printed image to the right.  

[0098] Advantageously, the thin bright frame 306 obscures only a small portion of the printed 

image. An observer initially focuses on familiar and recognizable features - the numeral 304.  

However, the magnetically aligned feature is bright and dynamic because it moves when the 
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sample is tilted that attracts attention to it. As the eyes of observer are in different positions on the 

head, they present different views simultaneously. This is the basis of stereopsis, the process by 

which the brain exploits the parallax due to the different views from the eye to gain depth 

perception. The differences in the two retinal images of the hexagon 306 may create the 

impression that the hexagon 306 floats above or below the numeral 304. The obscuring enhances 

the illusion of flotation above or below the surface of the substrate.  

[0099] In one embodiment, which may include features described with reference to Figs. 4-9, 

the pigment flakes are aligned on a transparent plastic support in a concave frame pattern, so that 

along a radius originating at the central image, a portion of the pigment flakes are aligned so that 

the angles they form with the substrate decrease from at least 70 degrees to practically zero and 

then increase again to 70 degrees, preferably from 80 to practically zero and to 80 degrees. The 

plastic support is laminated to the substrate 301 so that the magnetic coating is adjacent to the 

graphical component which includes the printed elements 302-304. The flakes may be thought of 

a forming a concave Fresnel reflector, produced by this method, produces optically real image of 

the light source in the direction of the observer. The dynamic frame (that is the optical image of 

the light source) may appear to float above the surface of the print and above the small rosette and 

the numeral. When the device is tilted, the optical reflective front (the bright dynamic frame) may 

appear to move in the direction of the tilt.  

[00100] In one embodiment, the central image 304 may be printed using an ink with 

magnetically alignable flakes, wherein the concentration of the flakes in the dry ink is at least 20 

wt% so as to ensure that the central image 304 is highly noticeable, and wherein the flakes are 

aligned parallel to the substrate in order to form a stationary image, e.g. using the method 

illustrated in Fig. 15, wherein magnets 194, 196 are arranged to produce magnetic field lines 198 

essentially parallel to the surface of the substrate 29, which causes the magnetic pigment flakes 26 

in the fluid carrier 28 to flatten out. In case a regular, non-magnetic ink is used for printing the 

image 304, the concentration of the ink in the image 304 can vary in a wide range, preferably 

being in the range of 15-25wt%.  

[00101] In manufacturing of the article discussed above with reference to Figs. 4-9, and the 

articles discussed further with reference to Figs. 11-14, the magnetically alignable pigment flakes 
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may be aligned using a variety of magnetic assemblies, including those discussed in this 

application with reference to Figs. 20-26, 29-34, 45-49, 60, 63, and 64.  

[00102] The dynamic frame is not necessarily a hexagon as the frame 306 shown in Figs. 4-9.  

The dynamic frame may have a variety of shapes such as a ring 306' shown in Fig. 11.  

Furthermore, the dynamic frame discussed above may be accompanied by an additional frame, 

either dynamic or stationary, wherein the first (dynamic) frame appears to move relative to the 

second (additional) frame when the substrate is tilted. Examples of such devices are shown in 

Figs. 11, 43, 51, and 55.  

[00103] Fig. 10 illustrates a possible structure of the article formed on the substrate 301.  

The optical component in this case is formed of a transparent plastic support 324 coated with 

layers 322 and 323 of solidified binder containing magnetically aligned pigment flakes which 

include a magnetic or magnetizable material so as to enable the alignment. The two layers may 

be printed with a same or different magnetic inks; however, the concentrations of the flakes in the 

binder has to be within the same interval as for the printed circle 305, less than 14 wt%, 

preferably 4-8 wt%. An adhesive 325 may be coated on the side of the optical component for 

laminating to the substrate 301 over the graphical component (not shown).  

[00104] In the particular example shown in Figs. 11-12, the substrate 301 has the Guilloche 

rosette 302 and the numeral 304. The transparent support 324, which may be a thin polyester 

sheet, was printed on one side with a transparent UV curable ink binder containing 5wt% of 

Gold/Green interference magnetic pigment and aligned in magnetic field so that the aligned flakes 

formed a narrow gold-colored ring leaving the rest of the printed area transparent. After curing of 

the ink with UV light, the printed transparent support sheet was flipped upside down. The second 

side of the transparent sheet was also printed with a different ink containing 5wt% of the 

Green/Blue magnetic interference pigment in the same binder. The ink on the second side of the 

transparent support sheet was exposed to the field of the same magnet which was used for 

aligning the ink on the first side of the support. However, the sheet was separated from the 

magnet by the distance of about 0.0625" thus reducing the size of the green ring that was formed 

by alignment of the flakes, and the ink of the second side was also cured in UV light. Essentially, 

the configuration of the magnetic field used for aligning the ink on the first side of the support 
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was different from the configuration of the magnetic field used for aligning the ink on the second 

side of the support. The adhesive 325 was provided to the side with the Gold/Green ink and the 

sheet was laminated to the surface of the banknote 301.  

[00105] The resulting article at the normal angle of observation is illustrated in Fig. 11. The 

note 301 with the Guilloche rosette 302 and the numeral 304 has a transparent polyester sheet 324 

(invisible in the photographs and outlined by the dashed line for illustrative purposes) laminated 

to its surface over the rosette 302 and the numeral 304. The transparent sheet has a convex 

Green/Blue ring 335 on the top of the surface that may produce a flotation effect underneath the 

numeral. The concave Gold/Green ring 306' being physically underneath the sheet with the 

convex structure may produce an effect of a bright ring illusively floating 0.125" -0.25" above the 

graphical component which may be a multicolored graphical image printed on the substrate with 

conventional printing techniques 

[00106] The resulting article has two frame patterns formed of magnetically aligned flakes 

on the transparent support 324. For an observer looking at the article, in one ink layer the flakes 

are aligned in a concave frame pattern, and in another layer - in a convex pattern. Accordingly, 

the observer may see two bright frames 306' and 335 which move in opposite directions, whereas 

one bright frame may appear to float above the substrate, and another bright frame - below the 

surface of the article. In this particular example, the two bright rings appear to float in two planes 

separated by a space close to 0.25". The presence of the second bright frame creates an illusion 

that the numeral 304 floats between the two bright frames, or on the top of an imaginary stem, or 

neck, which extends between the two bright frames 306' and 335. Additionally, having the 

smaller ring at the "bottom" of the stem creates the perspective customary used in paintings, 

which contributes to the illusion of depth in the image formed by the article when irradiated with 

light.  

[00107] When the sample is tilted with its upper edge away from the observer as shown in 

Fig. 12, the green ring 335 formed by a convex frame pattern, may appear to be underneath the 

numeral 304 and floating toward the observer. The larger gold ring 306', formed by a concave 

frame pattern, may appear to float in the direction of the tilt. The rings move in opposite 

directions and, with the tilt, come to the point when the large gold ring 306' overlaps the green 
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ring 335. Overlapping of two objects, called "occlusion," is one of the most important attributes 

of the depth perception. The sample produces an eye-catching effect of the numeral 304 

apparently floating between two surrounding moving bright rings. The effect is purely illusive 

because the numeral 304, being non-dynamic, doesn't move. However, the bright frames 335 and 

306' became new reference frames for the numeral 304 (after their magnetic alignment) thus 

providing new set of coordinates for the numeral 304 resulting in its illusive flotation.  

[00108] Generally speaking, the bright frame 306 is not a contour of the central image 

304; there may be a gap between the frame 306 and the image 304, more so that the bright 

dynamic frame 306 appears to move whereas the image 304 appears to be stationary.  

Advantageously, the two prints made with the different inks are not required to be perfectly in 

register.  

[00109] The second coating 305 may surround the central image 304 only partially, i.e.  

have gaps in some radial directions originating at the central image 304, totaling to not more than 

in a quarter of the circle. Accordingly, the frame pattern formed of the magnetically alignable 

flakes and the dynamic frame 306 formed by reflected light may surround the image 304 only 

partially.  

[00110] Other alignment techniques discussed below may result in the second bright frame 

being stationary with respect to the substrate 301 and thus, to the numeral 304. The relative 

movement of the two bright frames relative one another may also produce the effect of a stem 

supporting the image 304 so that the image 304 moves below or above the substrate supported by 

and attached to the substrate by the illusionary stem between the two bright frames.  

[00111] The striking effect produced by the two bright frames moving relative one another 

may be utilized with or without an image within the frames. An article may include a substrate 

and an optical component supported by the substrate. The optical component, e.g. a coating, 

contains magnetically alignable pigment flakes having a magnetic or magnetizable material, 

dispersed in a binder. The optical component has a first curved region with a first plurality of 

magnetically alignable pigment flakes; in cross sections of the first curved region, the pigment 

flakes are aligned in a first arching pattern so that light reflected from the first plurality of 

pigment flakes provides an image of a first bright frame. The optical component also has a second 
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curved region, possibly different from the first curved region, with a second plurality of 

magnetically alignable pigment flakes providing an image of a second bright frame. The first 

bright frame is a dynamic frame which appears to move relative to the substrate and to the second 

bright frame when the substrate is tilted. The first and second pluralities of the flakes may be in a 

same layer of an optical component, then the first curved region is different from the second 

curved region. The first and second pluralities of the flakes may be in different layers of the 

optical component, e.g. layers deposited on the substrate and aligned in separate steps; then the 

first and second curved regions may be different or coincide i.e. be one above another. The first 

and second pluralities of the flakes may be in a same layer or in different layers of an optical 

structure, as shown in Figs. 62 and 61. In addition to the optical component, the optical structure 

may or may not include a central image. In the first and second curved regions the pigment flakes 

may be aligned in arching patterns which arch in opposite directions so that the first and second 

bright frames appear to move with respect to the substrate and to each other when the substrate is 

tilted.  

[00112] An article shown in Fig. 62 may have features described with reference to the article 

shown in Figs. 4-9. The article has first and second curved regions I the form of two rings with 

cross-sections 610 and 620. In the first curved region, pigment flakes are aligned in a first 

arching pattern 610 so that the first dynamic frame appears to move when the substrate is tilted.  

In the second curved region, pigment flakes are aligned in a second arching pattern 620 so that the 

second bright frame may appear to move when the substrate is tilted. The first and second 

arching patterns may arch in same or opposite directions.  

[00113] The article shown in Fig. 62 has rotational symmetry, and the first and second 

curved regions are rings of different radii. However, the first and second curved regions can 

coincide as in the embodiment shown in Fig. 42, wherein the first arching pattern 546 and the 

second arching pattern 548 are in the same curved region, possibly a ring, having a cross section 

554. In both embodiments shown in Figs. 42 and 62, the substrate supports a coating with aligned 

pigment flakes. The coating has the first and second curved regions which can be different or can 

coincide. In cross-sections of the first and second curved regions, first and second pluralities of 

pigment flakes are aligned in first and second arching patterns, respectively. Preferably, the first 

and second arching patterns are maintained along the first and second curved regions, 
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respectively, and arch in opposite directions. Light reflected from the first plurality of pigment 

flakes provides an image of a first bright frame, and light reflected from the second plurality of 

pigment flakes provides an image of a second frame, wherein the first frame appears to move 

relative to the second frame when the substrate is tilted, and preferably the first and second frames 

appear to move in opposite directions.  

[00114] In one embodiment, magnetically alignable pigment flakes in the first curved 

region are aligned in a first arching pattern, whereas magnetically alignable pigment flakes in the 

second curved region are aligned in with the second arching pattern of the radius substantially 

smaller than the radius of the first arching pattern so that the motion of the second bright frame is 

so small that the second bright frame appears static when the substrate is tilted as discussed in 

more detail with reference to Fig. 49.  

[00115] An article with a different kind of occlusion is shown in Fig. 13. A round region 

401 (outlined with white dashed line for visibility) of the substrate 402 was coated with ink 

containing magnetically alignable interference Green/Blue pigment flakes dispersed in a binder.  

The wet ink having the low concentration as described with reference to Fig. 4, was exposed to 

the field of a permanent magnet so that an arching pattern for producing a dynamic ring 403 was 

formed in the ink. The ink was cured with UV-light. In a next step, the round region 401 was 

overprinted with a second ink containing non-magnetic, i.e. not alignable in the presence of the 

magnetic field used for the alignment of the optical component 401, Gold/Green interference 

pigment. The second ink was printed in the shape of the rosette pattern 404. The pattern has 

openings in order to make the motion of the ring 403 at least partially visible. Because the ring 

403 may be perceived as floating underneath the pattern 404 and the numeral 405, the occlusion 

created by overlapping the green ring by the highly visible mesh-like pattern of the rosette 404 

may enhance the illusion of depth. In this embodiment, the second ink may be any non-magnetic 

ink with a concentration of pigment particles of at least 20 wt%. Alternatively, the second ink 

may contain magnetically alignable flakes in a concentration of at least 20 wt%; when the binder 

is solidified, the flakes lie parallel to the surface of the substrate 402 so that the image formed by 

the second ink be a stationary image having gaps wherein the movement of the bright frame 403 

could be visible. The dynamic frame 403 may be a square, hexagon, etc. Fig. 14 shows the same 

article with its upper edge tilted away from an observer. In this example the first and second ink 
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contained color shifting interference pigments; however, non-color shifting pigments may also be 

used in one or both inks. By way of example, the optical component supported by the region 401 

of substrate 402 may be printed with a first ink containing a transparent binder with reflective 

silvery flakes having a magnetic or magnetizable layer. The second coating making the graphical 

component, which is supported by the optical component and the substrate 402, may be printed 

with a conventional non-color shifting, non-magnetic ink. In this embodiment, the moving frame 

403 is only partially visible and thus partially surrounds the central image, which is not 

necessarily a numeral, as shown, and may be a symbol, logo, or a localized image which 

preferably fits into the frame 403. Preferably, the visible sectors of the frame combine to measure 

at least 180 degrees, and better 270 degrees.  

[00116] With reference to Figs. 16-18, a graphical component in the form of a pattern 422 has 

been printed on a substrate 421 with a first ink, and contains a solidified binder and Gold/Green 

interference pigment particles in a concentration of 20-25 wt %; the first pigment particles may be 

non-magnetic pigments, or magnetically alignable pigments planarized as illustrated in Fig. 15. A 

round region 423 (outlined with a black dashed line for visibility) of the pattern 422 has been 

coated with a second ink so as to form an optical component supported by the substrate 421. The 

second ink contains a binder and second pigments in a concentration of 5wt%. The second 

pigments are interference magnetic Gold/Green pigment flakes providing the same Gold/Green 

color shift as the pigments in the graphical component. The wet ink was exposed to the magnetic 

field and the pigment particles were aligned along magnetic lines forming a narrow ring leaving 

the rest of the magnetic print transparent. The ring is not visible at the normal angle of 

observation as illustrated in Fig. 16, because the pattern 422 and the ring 424 are printed with 

pigment having the same color characteristics. When the sample is tilted away from the observer 

as shown in Fig. 17, the Gold/Green pigment particles of the pattern 422 start to change their 

color from Gold to Green while the gold ring 424 keeps the same color at the tilt. The pattern 422 

has dark-green color at high angles as shown in Fig. 18 while the ring 424 keeps its gold 

appearance. The moving frame 424 may be a square, etc., and the central image is not necessarily 

a numeral, as shown, and may be a symbol, logo, or a localized image which fits into the frame 

424.  
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[00117] In the embodiment shown in Figs. 16 - 18, the first and second pigments produce the 

same Gold/Green color shifting effect. The second pigments are pigment flakes each including a 

magnetic or magnetizable material for aligning the flakes in the frame pattern which exhibits the 

ring 424. The first pigments may or may not include a magnetic or magnetizable material. The 

concentrations of first ink is different from the concentration of the second ink. The first ink used 

for printing the graphical component may have the concentration of first pigments in the first 

binder in the range of 5-30 wt % and preferably between 20 and 25 wt% for screen printing 

presses and 25 to 30 wt% for Intaglio printing presses. The second ink used for the optical 

component may have the concentration of second pigments in the second binder in the range of 4

14 wt % and preferably between 5 and 8 wt%. The article shown in Figs. 16-18 provides a 

metameric effect made with two prints of the same pigment. At the normal angle (Fig. 16), the 

observer can see the gold pattern 422 because it is larger than the ring 424. When the article is 

tilted, the pattern 422 changes its color to green, while the ring 424 keeps its gold appearance.  

The gold on the top of green has a high contrast that makes it very visible. In general, the first 

and second pigments in the first and second ink may have same color same color characteristics, 

e.g. produce a same color shifting effect.  

[00118] In the articles described herein, the bright dynamic frame may be in the form of a 

ring, oval, hexagon, square, or other polygonal shape. Preferably, the dynamic frame is closed 

around the central image, e.g. a symbol, logo, etc. Alternatively, the dynamic frame may consist 

of one or more sectors divided by one or more gaps, so that the sectors combine to measure at 

least 180 degrees, and preferably not less than 270 degrees. The gaps may result from the absence 

of magnetically alignable pigment flakes in a particular region or from magnetically alignable 

flakes being hidden, e.g. by a stationary element such as the graphical component. In addition, the 

dynamic frame can be surrounded by the graphical image.  

[00119] A variety of magnets or magnetic assemblies can be used for producing the same 

effect. By way of example, Fig. 19 shows a ring formed by an arching alignment of pigment 

flakes, e.g. such as a pattern 524 (Fig. 38), wherein the arching pattern is maintained in radial 

cross-sections along a circular path on a surface of a substrate. Fig. 19 schematically shows an 

arching alignment that forms the ring and near vertical alignment in all other regions of the print.  

The article shown in Fig. 19 may have features described with reference to the article shown in 
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Figs. 4-9, with the exception that the dynamic frame has a different shape; in Fig. 19 the dynamic 

frame is a dynamic ring.  

[00120] With reference to Fig. 20, a magnetic assembly for manufacturing the article 

shown in Fig. 19 has two magnets mounted on the top of a base; the base is preferably made of 

[ferromagnetic metal preferably cold rolled steel. A ring-shaped magnet 441 rests on a steel base 

443, and a cylindrical magnet 442 is located in the center opening of the magnet 441. The 

magnets generate the field illustrated in Fig. 21.  

[00121] Fig. 22 illustrates a cross-section of the field produced by the magnetic assembly 

in close proximity to the top of the magnet; the cross-section is taken along a diameter of the 

magnetic assembly. A box 451 in Fig. 22, schematically representing a layer of liquid magnetic 

ink, indicates a portion of the field which has aligned the flakes as shown in Fig. 23. Fig. 24 is a 

plot of angles formed between the aligned pigment flakes ( Fig. 23) and the substrate supporting 

the optical component, along a diameter (from edge to edge) of the large magnet (Fig. 20).  

[00122] With reference to Fig. 25A, a head-to-tail connection of flakes shown in Fig. 23 

produces a curve 461 illustrated in Fig. 25, whereas a curve 462 represent flakes aligned in the 

field of a spherical magnet shown in Fig. 25A. Because the curve 461 is more round than the 

curve 462, the reflective surface produced by revolving the curve 461 around the center of the 

magnet generates a significantly better pronounced bright ring than the reflective surface 

produced by the curve 462. The angles of the flakes increase slowly at the periphery of the curve 

462 and do not reach the near-normal values achieved by the angles in Fig. 24 and the curve 461 

in Fig. 25A. Accordingly, the ring formed by flakes aligned in accordance with the curve 462 

(Fig. 25A) has a shallowing-out effect which results in shadows and dilution of the bright ring, 

i.e. when the article is tilted with respect to the light source, the region that is closer to the 

observer becomes bright and the region on the opposite side of the article becomes dark. In case 

the optical component is printed with color shifting flakes, the shallowing-out effect produces 

shadow regions which change their color when the object is tilted.  

[00123] Therefore, it is preferable to use a magnetic field such that, along the majority of 

radial directions, the minimal angles that the field lines form with the substrate decrease from 70 

degrees to zero and then increase to 70 degrees, more preferably from at least 800 to zero and then 
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again to 800; ideally - from normal, to zero, and again to normal angles. Consequently, it is 

preferable that along at least one of the plurality of radial directions originating at the central 

image, angles that the pigment flakes form with the substrate decrease from 70 degrees to 

practically zero (the majority of flakes in a small area are parallel to the substrate) and then 

increase to 70 degrees; more preferably from 800 to practically zero and then again to 800.  

Although the effect is explained with reference to a cylindrically-symmetric magnetic field and a 

ring-shaped bright dynamic frame, the same goes to any form of the dynamic frames, e.g. square, 

hexagonal, etc. frames and corresponding magnetic assemblies.  

[00124] Fig. 26 illustrates a convex reflective surface reconstructed from the head-to-tail 

connection of particles shown in Fig. 23 by revolving the curve 461 (Fig. 25A) around the axis 

going through the center of the magnetic assembly. The surface produces a virtual image of a 

light source in the shape of an oval or a ring below the substrate if the focal points of the reflector 

are located there; also see Fig. 34.  

[00125] Fig. 27 shows an article with pigment flakes aligned with the magnetic assembly 

shown in Fig. 20. The article shown in Fig. 27 may have features as the article shown in Figs. 4

9, with the following differences. A graphical component includes a star-like pattern, which 

serves as a background pattern as the rosettes 302 and 303 in Fig. 4. The graphical component 

also includes an Earth image in the middle, which serves as a central image as the numeral "10" 

in Fig. 4. The graphical component was completely coated with a transparent ink vehicle 

containing 7.5wt% of aluminum coated magnetic pigment aligned in the magnetic field illustrated 

in Fig. 21. As shown in the plot (Fig. 24), the pigment flakes are vertical to the substrate (90') in 

the center of the magnet that makes them invisible in the picture (Fig. 27) because they are 

staying on their edges. The pigment flakes in the optical component become visible in the picture 

when their orientation approaches the horizontal axis and the pigment flakes eventually become 

parallel to the substrate. The picture shows a bright ring which is a dynamic ring appearing to 

move when the article is tilted relative to a light source. An observer may perceive that the 

dynamic ring moves underneath the Earth which creates the illusion of the Earth's flotation above 

the ring. Outside of the bright ring, the increase of the angles which the pigment flakes form with 

the substrate along the radius of the magnet (from the center to the outside) makes the flakes 

invisible again at the periphery of the bright ring when the article is observed at the normal angle.  
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[00126] Tilting of the sample with its upper edge away from the camera may generate the 

illusion of the dynamic ring floating underneath the globe (Fig. 28).  

[00127] Outside of the dynamic ring, the graphical pattern printed underneath the magnetic 

ink can be easily observed; it is not obfuscated with unwanted reflections.  

[00128] Fig. 60 illustrates another magnetic assembly for aligning pigment flakes to 

produce the dynamic ring shown in Fig. 19. The assembly has a ring-shaped magnet with radial 

magnetization. One pole of the magnet is inside of the ring and another pole is on the outer side.  

The lines of the magnetic field emerge from one pole to another. When wet ink containing 

magnetic or magnetizable pigment particles is placed either directly on the magnet or at some 

distance from it, the pigment particles align themselves in a convex annular arrangement 

schematically shown in Figs. 21-23.  

[00129] With reference to Fig. 29, a magnet for manufacturing the article shown in Fig. 19 

has a through (extruded), tapered cut, and provides a remarkable motion effect, characterized by a 

long travel of the ring at the tilt of the article and by a significant illusive depth of the effect. The 

orthogonal view of the round magnet is shown in Fig. 30. The angle of the cut may vary in the 

range of from 300 to 1200. The wide opening of the cone cut is preferably facing the substrate, i.e.  

the preferable range of for the angle of the cut is between 300 to 900 and more preferable between 

30 and 600. The field generated by the magnet (Figs. 29 and 30) is shown schematically in Fig.  

31, the alignment of the flakes - in Fig. 32, and the angle distribution of the angles the flakes form 

with the substrate - in Fig. 33. A reflective surface calculated from the head-to-tail connection of 

particles in the layer of ink vehicle is shown in Fig. 34; the surface is an annual convex reflector 

which produces a virtual image of a light source in the form of a ring.  

[00130] A cross-section of an article formed with the magnet described with reference to 

Figs. 29 and 30, is schematically shown in Fig. 3. The article illustrated in Fig. 3 may have 

features described with reference to the article shown in Figs. 4-9, with the following differences.  

A substrate 501 is printed with a graphical component including a background pattern 502 and an 

informative image 503 in a first ink printed with conventional techniques. The graphical 

component formed with the first ink may be overprinted with an optical component printed with a 

second ink which includes a clear binder 504 with pigment flakes having a magnetic or 
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magnetizable material; the pigment flakes are aligned in the magnetic field of the magnet 

illustrated in Fig. 31. The flakes in regions 505 and 506 are aligned normally to the substrate, and 

the flakes in annular region 507 are aligned as a Fresnel annular convex reflector. As discussed 

above, the optical component may be formed under the graphical component or on a transparent 

plastic support and attached to the substrate 501.  

[00131] Figs. 35 and 36 are photographs of an optical device produced with the magnet 

shown in Fig. 30. In Fig. 35 the device is shown at the normal angle of observation, and Fig. 36 

shows the device tilted with its upper edge away from the camera. Note, that when the upper 

edge of the device is tilted away, the ring moves toward the camera.  

[00132] A method for making an article includes providing a coating of a liquid binder having 

pigment flakes therein onto a substrate, exposing the pigment flakes to the field of a magnet 

having a tapered cut through the magnet in the form of a funnel or countersink cut (Figs. 29 and 

64) between the top and bottom surfaces of the magnet, and solidifying the binder so as to form 

an optical component. The pigment flakes include a magnetic or magnetizable material. Prior or 

after providing the optical component, the substrate may be provided with graphical component in 

the form of another coating, supporting or supported by the optical component. The substrate 

whereon the optical component is formed may be a thin transparent support sheet. After forming 

the optical component, the support sheet is attached to another substrate, which receives the 

graphical component before or after attaching the support sheet. By way of example, as a 

concave optical document security device may be formed with the help of the magnet shown in 

Fig. 30 thus creating an annular convex reflector schematically shown in Fig. 37.  

[00133] With reference to Fig. 37, a transparent plastic substrate (a support sheet) 521 is 

coated with the ink 522 containing magnetic platelets (pigment flakes) 523 oriented in an external 

magnetic field. Regions 524 of the structure are oriented as an annular convex Fresnel reflector.  

The rest of the platelets are oriented normally to the substrate in all other regions of the article.  

The ink 522 is solidified after completion of the alignment with any suitable method (drying, UV 

or e-beam irradiation, microwave, etc.). The light rays 525 from the light source 526 illuminate a 

convex flake pattern in the region 524 and form a virtual image 527 of a distant point light source.  

The virtual image 527 is located underneath the substrate 521.  
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[00134] The next step includes flipping the printed transparent substrate 521 upside down 

and laminating it to a flexible substrate bearing a graphical image. The convex alignment of the 

flakes on the transparent plastic sheet becomes a concave annular reflector after lamination to the 

substrate 528. A cross-section of the resulting article which may be used as a concave security 

device is illustrated in Fig. 38. A substrate 528, which is preferably an opaque substrate, is 

printed with a graphical component containing a background 529 and a logo or the numeral 530 

on the top of the background 529. The region 524 of the magnetically oriented platelets has 

formed a concave Fresnel annual reflector. The light rays 525 from a distant point source are 

reflected back forming now a real image 527 of the source 526. Because the image 527 is a real 

image and is located above the reflector in the direction of the light source, the image may be 

perceived as floating above the surface of the substrate.  

[00135] A reconstructed reflecting surface producing concave reflection is illustrated 

schematically in Fig. 39.  

[00136] Fig. 40 shows the resulting security device at the normal angle of observation; the 

device appears to be similar to the convex device shown in Fig. 35. At the tilt of the device, when 

the upper edge of the device is tilted away (Fig. 41), the dynamic ring moves away from the 

camera. In other words, the motion effect of the concave optical device appears to be opposite to 

the motion effect of the convex device.  

[00137] It is preferable to have the concentration of the magnetic pigment particles in the 

ink in the range 4 - 14 %, preferably not higher than 10% by weight so as to eliminate dark regions 

between the background, bright dynamic ring, and symbol. The pigment flakes in these regions 

are tilted at some "intermediate" angles between the directions normal and parallel to the 

substrate. While the horizontally (parallel to the substrate) and near-horizontally aligned flakes 

are bright in reflected light and produce the dynamic ring, and the vertical and near-vertical flakes 

reflect very little light and are practically invisible at relatively small tilt angles e.g. when an 

observed has a document in hand, the intermediately tilted flakes would be noticeable as a grey 

region, or a shadow, in the event the concentration of the flakes is sufficiently high, e.g. 15 wt% 

or higher.  
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[00138] By way of example, a 15% concentration already makes noticeable shadows 

between the background, bright ring, and symbol and thus destroys the effect of the symbol and 

ring floating together.  

[00139] With reference to Fig. 42, a combined concavo-convex device has two parts I and 

II assembled together. A first fabrication step is manufacturing of an optical component (I): two 

layers of magnetic ink 541 and 542 have been printed separately on both sides of a thin 

transparent plastic substrate 543 in two separate printing steps, each printing step includes 

alignment of the pigment flakes using the magnet illustrated in Fig. 31, and at least partially 

fixing the binder. In each of the ink layers the pigment flakes 544 have been aligned so as to form 

an annual convex reflector on each side of the substrate 543. The layers constitute a first optical 

structure 545 containing an annual convex reflector 546 and a second optical structure 547 

containing an annual concave reflector 548, wherein the "concave" and "convex" properties relate 

to the observation direction 549. The rest of the magnetic flakes 544 in remaining areas of 

magnetic inks had been aligned at steep angles (almost normal) to the substrate. The normal 

alignment has made these platelets almost invisible for observation when the concentration of the 

flakes in the binder is sufficiently low. The ink layers 541 and 542 may contain same or different 

pigment flakes in a binder. The pigment flakes in both ink layers necessarily include a magnetic 

or magnetizable material for alignment of the flakes. Magnets and magnetic assemblies other 

than one shown in Fig. 31 may be used, including the use of different magnets for the first and 

second ink layers. In a second fabrication step, a graphical component including a background 

security image 550 and a central image 552 may be printed on a substrate 551, e.g. a flexible web 

or paper, by any suitable printing technique; however, in the presence of two frames, the graphical 

component and thus the second fabrication step are optional.  

[00140] In a third fabrication step, the optical component is laminated to the substrate 551 

using an adhesive. The adhesive 553 may be printed on the top of the graphical image 552. The 

resulting device provides a remarkable illusion of depth.  

[00141] The resulting article may include features described with reference to Figs. 4-9, 

however it has two dynamic frames, which are dynamic rings in this particular example. The two 

frames moving relative to one another and with respect to the substrate create a striking effect and 
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may be used as a security feature without a central image surrounded by the frames; however 

using the image would further increase the effect of the article.  

[00142] Figs. 43 and 44 provide an example of an article formed as discussed above with 

reference to Fig. 42. The article shown in Figs. 43 and 44 may include features described with 

reference to Figs. 4-9 and Figs. 11 and 12.  

[00143] A note 571 has a Guilloche rosette 550 and a central image 552 in the form of the 

numeral "10". A thin transparent polyester sheet 543 was printed on one side with transparent 

UV curable ink binder containing 5wt% of Gold/Green interference magnetic pigment and 

aligned in magnetic field until the pigment had formed narrow gold-like ring leaving the rest of 

the printed area transparent. The printed transparent sheet was flipped upside down after curing of 

the ink with UV light. The second side of the transparent sheet has also been printed with the 

same binder containing 5wt% of the Green/Blue magnetic interference pigment. The sheet with 

the fresh ink was exposed to the field of the same magnet. The sheet was separated from the 

magnet by the distance close to 0.0625" that has allowed reducing the size of the green ring that 

has been formed by alignment of the flakes, and the ink of the second side was also cured in UV 

light. The adhesive was laminated to the side with the Gold/Green ink and the sheet was 

laminated to the surface of the banknote. Schematic structure of the device is illustrated in Fig.  

42. The transparent polyester sheet 543 was coated with layers 541 and 542 of magnetic ink 

aligned in external field. The adhesive 553 was coated on the side with the Gold/Green pigment 

and laminated to the substrate 551 over the background 550 and the central image 552. Each of 

magnetic layers was oriented as a convex reflector in the field of the same magnet. However, both 

of them were printed on opposite sides of a transparent substrate 543 that has made the optical 

structure next to the surface of the banknote as a concave reflector. The convex structure produces 

an optical effect as if the enclosed annular frame feature is floating underneath the surface of the 

print while the concave structure produces an effect as if the enclosed annular frame feature is 

floating above the surface. Having both these effects in the same device produces overall effect as 

if the numeral is floating between two rings separated from each other by a space close to 0.25".  

[00144] Fig. 43 is a photograph of the article described with reference to Fig. 42, at the 

normal angle of observation. The article forms a convex Green/Blue ring 575 which appears to 
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float underneath the numeral. The concave Gold/Green ring 576 printed on the reversed side of 

the polyester support and laminated adjacent to the substrate generates a real image of the light 

source in the form of a larger ring which appears floating at some distance above the numeral.  

[00145] The size of the green ring 575 was selected smaller with a particular purpose.  

Having the smaller ring at the "bottom" of the stem creates the perspective customary used in 

paintings which contributes to the illusion of depth in the image formed by the article when 

irradiated with light.  

[00146] When the sample is tilted with its upper edge away from the camera as shown in 

Fig. 44, the green ring 575, produced by a convex alignment of the pigment flakes, appears to 

float toward the camera visually underneath the numeral. The larger gold ring 576, produced by a 

concave alignment of the pigment flakes, appears to float in the direction of the tilt, away from 

the camera and above the numeral. The rings move in opposite directions, and at a certain tilt the 

large gold ring may partially overlap the green ring. The central portion of the graphical 

component with the numeral, in its own turn, seems to overlap the green dynamic ring as the ring 

appears to move under the numeral. Overlapping of objects, called "occlusion," enhances the 

perception of depth. An observer may see an eye-catching effect as if the numeral floats between 

two surrounding moving rings.  

[00147] A variety of magnet shapes including those shown in Figs. 45 and 46 may be used 

for manufacturing of enclosed convex and concave optical devices such as the articles described 

above. It is advantageous to use magnets which have North and South poles on the top and 

bottom surfaces of the magnet, and a through cut between the top and bottom surfaces, as shown 

in Figs. 30, 47, 45 and 46. Preferably, the top and bottom openings of the cut are different in size.  

The difference is determined by the angle of the extruded cut. In operation, the larger opening is 

proximate to the substrate supporting the magnetically alignable flakes, whereas the smaller 

opening is distal from the substrate. The cut may be a funnel cut, e.g. in the form of a cone, or 

have a "staircase" profile formed by stacking two or more magnets having e.g. cylindrical 

openings of different diameters. The openings in the stacked magnets may have a variety of 

forms wherein the higher magnet has an opening with a larger diameter than an opening in the 

lower magnet.  
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[00148] The concave and convex reflectors formed by alignment of the flakes may be 

produced in by sequential printing of two ink layers onto a transparent plastic support substrate 

543 (Fig. 42) , aligning flakes in the first layer using a magnet shown in Fig. 30, and, when the 

first layer is dry, aligning flakes in the second layer using another magnet shown in Fig. 30placed 

at the other side of the substrate 543. The entire length of the transparent substrate 543 may be 

printed with magnetic ink, and magnetic flakes may be aligned in the field of the magnet shown 

in Fig. 30. After that, the substrate may be flipped with its upper side down, and the process may 

be repeated with the same magnet. The prints on one side of the transparent support have to be in 

register with prints on another side of the support sheet.  

[00149] With reference to Fig. 61, a graphical component including a central image such as a 

symbol or logo 640 may be printed on a transparent plastic substrate 630, and coated with a first 

layer 650 of an optical component wherein pigment flakes are magnetically aligned in a binder so 

as to produce a frame pattern having a cross-section 660. So far, the article has been 

manufactured as the article described with reference to Figs. 4-9 and includes the features of the 

aforedescribed article. Additionally, a second layer 670 of the optical component may be 

provided onto the second side of the substrate 630, including magnetically alignable pigment 

flakes in a liquid binder. After the pigment flakes are aligned using a magnet, e.g. one shown in 

Fig. 30, and the binder is solidified, the resulting article has a two-layer optical component, 

wherein each layer reflects a dynamic frame surrounding the central image 640. The optical 

component shown in Fig. 61 is manufactured and has the same structure as the optical component 

I shown in Fig. 42, with an addition of the graphical layer 640, and the optical component shown 

in Fig. 61 provides the same dynamic effect as described above with reference to Fig. 42. The 

article 680 may be used e.g. as a substrate for plastic-based banknotes, or may be attached to a 

carrier/object 690 as shown in Fig. 61. Alternatively, the substrate 630 can bare a hologram. The 

hologram can be partially de-metallized or coated with a high-index optical material to visualize 

holographic effect on the substrate.  

[00150] In general, an article may include a main substrate and, optionally, one or more 

transparent substrates (support sheets) adhered to and supported by the main substrate. The 

article has an optical component and a graphical component. The optical component may include 

one or more layers of pigment flakes in a binder, the layers separately provided and aligned on 
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surfaces of the main substrate and/or support sheets. The graphical component, including the 

central image, may be printed on surfaces of the main substrate and/or support sheets. As 

described above, the flakes contain a magnetic or magnetizable material, the concentration of the 

flakes in the binder is less than 14 wt% and preferably 4-8 wt%. The flakes are aligned so as to 

form one or more frame patterns, such that each frame pattern surrounds the image. Within the 

frame patterns, angles which flakes form with the substrate decrease to practically zero and then 

increase along a plurality of radial directions originating at the image so that, when light is 

incident upon the pigment flakes from a light source, light reflected from the frame patterns forms 

one or more dynamic frames which at least partially surround the image and appear to move as 

the article is tilted with respect to the light source, whereas the central image appears to be 

stationary when the dynamic frames appears to move.  

[00151] An appealing optical device which has two curved frame regions with convex

oriented arching patterns may be fabricated with a single aligning step, e.g. using the magnet 

schematically shown in Figs. 47 and 48. In the first curved region, the arching pattern produces a 

dynamic frame as in the embodiments discussed above. In the second curved region, the arching 

pattern produces a stationary frame which appears to not move at different observation angles.  

Surrounded by the two frames may be a central image. The difference between the two arching 

patterns is in their width. In order for the "movements" of the dynamic frame to be visible to a 

naked human eye, the arching pattern of the pigment flakes should have a sufficient size. For 

example, the width of the first arching pattern in the cross-sections between the two points with 

the 80 degrees tilt is preferably within the range of from 3 to 20 mm. To the opposite, the width of 

the second arching pattern resulting in a stationary frame should be sufficiently low; e.g. the 

width of the second arching pattern in the cross-sections between the two points with the 80 

degrees tilt is preferably less than 2 mm. The device may have features of the afore discussed 

embodiments. By way of example, the graphical component including a security Guilloche 

pattern may be printed on the substrate with a conventional technique. A layer of a transparent 

UV-curable ink binder containing 5wt% of magnetic pigment flakes may be printed over the 

graphical component. The wet ink may be exposed to the field of the magnet shown in Fig. 47, 

and the ink is cured after the pigment flakes have been aligned.  
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[00152] With reference to Fig. 47, a cylindrical magnet with a through conical opening in 

the center of the magnet (Fig. 30) was equipped with a magnetic diverter (shown with a partial cut 

for illustrative purposes) made from a sheet of metal with high magnetic permeability in the range 

of thicknesses of from 0.004" to 0.1". The diverter had a hole in the center. The hole can have any 

desirable shape. Fig. 48 demonstrates a cross-section of the magnet and the diverter.  

[00153] A schematic profile of the magnetic field generated by the magnetic assembly 

shown in Figs.47-48 is presented in Fig. 49 wherein only a portion of magnetic lines are shown.  

Magnetic lines 601, shown only above the magnet for illustrative purposes, emerge up from the 

bottom of the funnel cut in the magnet 602, are disturbed near the diverter 603 bending there 

around the edges in the region 604. The rest of the field penetrates through the diverter arching 

above it in the region 605.  

[00154] Fig. 50 illustrates an article formed using the magnetic assembly shown in Fig. 49.  

Magnetically alignable pigment flakes which include a magnetic or magnetizable material are 

provided onto a substrate within a binder in a concentration of less than 14 wt% and preferably 

between 4 and 8 wt%. When the substrate with wet magnetic ink is placed above the diverter, the 

pigment flakes in the ink align simultaneously in two arching rings in two curved regions of the 

substrate. The arching ring pattern formed by aligned flakes around the edge of the diverter has a 

small radius resulting in the formation of a round contour 621 (Fig. 50). The cross section of the 

frame (ring) pattern has a arching pattern of the flakes with a small radius of arching, wherein 

angles which flakes form with the substrate decrease to practically zero and then increase along a 

plurality of radial directions. The ring-shaped frame 621 appears to be stationary with the tilt of 

the sample. A larger ring 622 is produced by the second arching pattern of the pigment flakes in 

the second curved region; the flakes may be thought of as forming a Fresnel parabolic annular 

reflector. When the sample is tilted, the frame 622 appears to move. At the normal angle of 

observation, the rings 621 and 622 are concentric. When the sample is tilted to the left, as shown 

in Fig. 50, the large dynamic ring 622 moves to the right, that is characteristic motion of the 

convex reflector shown previously in Figs. 35 and 36, while the small stationary ring 621 keeps 

its position in the middle of the print. The purpose of the small stationary ring 621 is to serve as a 

reference frame for the movements of the large dynamic ring 622. In the absence of the small 

ring, the edge 623 of the printed area may serve as a reference frame for the large dynamic ring 
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622 providing judgment about its motion. However, the introduction of the small static ring 621 

in the middle of the large ring provides an advantage: the small ring 621 in the middle of the 

large ring 622, like a bull eye in a target, attracts attention first and therefore provides a higher 

level reference frame for the movements of the dynamic ring 622. The observer starts to judge the 

large ring travel relatively to the small ring. Additionally, the two rings may create an illusion of s 

stem rooted in the substrate at the position of the ring 621, and growing off the substrate to the 

position 622. Although the two rings of a same size may be employed as well, it is preferable to 

have the stationary ring of a smaller size. Of course, the frames 621 and 622 are not necessarily 

rings; the shapes of the flames 621 and 622 may vary with using magnets and diverters with 

variously-shaped cuts, see Figs. 45 and 46.  

[00155] With reference to Fig. 50, the large ring produced by the annular convex reflector may 

be thought of as a virtual image of the light source illusively located underneath the surface of the 

article. An observer may have the illusion of the large ring floating underneath the surface of the 

print and underneath the small ring. The small ring 621 appears to be stationary, because the 

radius of the corresponding arching pattern is so small that the bright ring formed by reflected 

light, travels on a dismally short distance which is less than the width of the ring, thus providing 

only volume to the ring 621 and a "lens effect". When the sample is tilted, the large ring 622 may 

appear to partially floating underneath the small ring; the occlusion results in the perception of 

depth as illustrated in Figs. 51 and 52 which show the optical component illustrated in Fig. 50 

printed over the graphical component including the central image "10". Fig. 51 demonstrates the 

effect at the normal angle to the camera. The numeral "10" is printed inside the dark green circle 

of the graphical component. The magnet and diverter have been designed and built with 

dimensions that would match the design of the graphical component. The first contour (the small 

static ring) has been formed around the dark green circle with the numeral. The second contour 

has been formed around the first with the dimension providing a 2 to 3 millimeter gap between 

the rings because, if the gap is too small, the rings will appear as a single ring. A gap which is 

very wide will not provide the occlusion effect. The gap between the two rings may be up to the 

diameter of the small ring; preferably not more than 6mm, and should be at least 2 mm. The gap 

between the two rings is ensured by the difference in the size of the openings of the magnet and 

the diverter. Preferably, the diameter of the upper opening in the magnet is at least 5 mm greater 

than the diameter of the opening in the diverter, and possibly is equal to three diameters of the 
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opening in the diverter. Otherwise, the two rings would appear as a single ring at the normal 

angle of observation. With a tilt, the single ring would create two rings, a static ring and a 

dynamic ring.  

[00156] When the sample is tilted with its upper edge away from the camera, as shown in 

Fig. 52, the dynamic ring moves toward the camera and floats into the space behind the static) 

ring thus creating incredible perception of depth and flotation.  

[00157] The small ring gives its own contribution to the effect. Surrounding the dark green 

circle with the numeral, the small narrow ring creates the "lens effect" as if the green circle within 

the ring and the numeral are embedded inside and on the bottom of a flat lens floating above the 

large ring and above the Guilloche pattern.  

[00158] This effect creates an illusion that the green circle and the numeral are floating in 

the space above the large ring and the security Guilloche background and below the small ring 

despite the fact that the green circle and the numeral are printed underneath of both rings.  

[00159] A dual concavo-concave device was fabricated similarly to the device shown in 

Fig. 38. A clear thin polyester sheet was printed with 5wt% magnetic ink, aligned as shown in 

Fig. 49, the ink was cured, the printed polyester flipped up and laminated with adhesive to a 

corresponding place on the substrate. The device is shown in Figs. 53 and 54. Both rings are 

concentric in Fig. 53. At the tilt away from the camera (Fig. 54) the large ring floats away from 

the camera in the direction of the upper edge of the sample.  

[00160] A dual concavo-convex device is a combination of a dual convex device, fabricated 

on one side of a transparent substrate (Fig. 48-52) and a single convex or a second dual convex 

device printed on another side of the substrate with their subsequent lamination to the graphical 

image. The device is shown in Figs. 55 and 56; it has one small static ring, one larger dynamic 

and another even larger ring.  

[00161] When an optical security device manufactured by one of above described methods 

is illuminated by a white light, the optical component (a ring for example) shows the color of the 

pigment that was used for its fabrication. However, if the same device exhibiting a colored ring 

from the direction of the white source is additionally illuminated by a second light from a 
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coherent light source (colored LEDs, for example) from a direction different than the white light 

source, the device demonstrates a second ring having a color of the coherent light.  

[00162] Fig. 57 shows a device fabricated by alignment of Gold/Green magnetic pigment; 

at the normal angle of observation, the device exhibits a ring of a gold color. The light source 641 

generates appearance of the gold ring 642 in the layer of magnetic ink. In Fig. 58 the same device 

is illuminated at an angle with a red light 643 from the Smith & Wesson Galaxy 28 LED 

Flashlight (20 White, 4 Red & 4 Blue LEDs). Illumination of the print with the red light produces 

appearance of the red ring 644 in addition to the gold ring 642 that doesn't change its color at 

illumination of the device with a light of different color. As clearly seen, the red ring appeared in 

the scene in addition to the gold ring.  

[00163] The device illustrated in Fig. 59 demonstrates the same effect. The device was 

fabricated by printing of a layer of ink containing particles of green magnetic pigment on a black 

card. The device was illuminated from different directions with the white light source 661 and 

with the red source 663. Respectively, the green ring 662 was generated in the direction of the 

white light and the red ring 664 was generated in the direction of the red light. The rings had a 

separation distance of 0.125". The tendency in Fig. 59 is the same as in Fig. 58: the red ring 

appears in addition to the green. The appearance in the lighting scene of a ring with the color 

corresponding to the light from a coherent light source in addition to the ring of the color of the 

pigment can be used for express authentication of optical security devices.  

[00164] A morphing effect is a smooth change from one image to another. A variety of 

morphing effects can be produced with magnetic pigment flakes aligned in a magnetic field. It 

has been discovered that magnets having a countersink through cut (Figs. 63 and 64) align 

pigment flakes so as to produce a dynamic frame which changes its size when the frame appears 

to move; the shape of the frame essentially does not change. As above, manufacturing of an 

article includes providing pigment flakes having a magnetic or magnetizable material in a 

preferably transparent binder, in a concentration of less than 14 wt%, preferably between 4 and 8 

wt%.  

[00165] Differently from the magnet shown in Fig. 63, the magnet, shown in the Figs. 29 and 

30 produces a ring that does not change its size with the tilt of the article as demonstrated in the 
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Figs. 35 and 36. In this case, the funnel in the magnet ends at the very bottom of the magnet, as 

it can be seen in FIG. 29. The magnet illustrated in Figs. 63 and 64 has a countersink cut which is 

a through cut wherein a cylindrical opening connects to the smaller opening of a funnel. The 

magnet shown in Figs. 63 and 64 is different from the magnet shown in Fig. 30 in that the radius 

of the cut doesn't change in the lower part of the magnet shown in Fig. 64. The difference results 

in the morphing optical effect: pigment flakes aligned with a magnet having a through 

countersink cut, when irradiated with light from a light source, reflect light so as to form a 

dynamic frame which changes its size when the frame appears to move. The shape of the frame 

essentially does not change. Although Fig. 66 shows the dynamic frame as an oval, an observer 

perceives the frame as a tilted circle. While Figs. 63 and 64 show a one-piece magnet, it can be 

replaced by a stack of magnets e.g. including the magnet shown in Fig. 29 complemented with a 

cylindrical magnet. The openings in the magnet shown in Figs. 63 and 64 are not necessarily 

round and can be of a variety of shapes. The angle of the cut may vary in the range of from 300 to 

1200. The wide opening of the cut is preferably facing the substrate, i.e. the preferable range of 

for the angle of the cut is between 300 to 900 and more preferable between 30 and 600.  

[00166] The morphing effect produced by this magnet is lustrated in Figs. 65 and 66. At the 

normal angle of observation (Fig. 65), the article exhibits a bright ring around the numeral "10".  

Fig. 66 shows the article when the sample is tilted. The ring has moved and its size have changed; 

the ring diameter now is about 30%b larger than the diameter of the ring in Fig. 65; thus the 

article demonstrates the morphing effect: there is no change in the shape of the dynamic ring 

whereas the size of the frame (ring) changes as the ring appears to move. All other features of the 

article are the same as in the article described with reference to Figs. 4-9. In particular, the 

opening in the upper surface of the magnet or stack of magnets is not necessarily round, but can 

be in a variety of shapes so as to produce variously-shaped dynamic frames which change their 

size as they appear to move. Furthermore, a diverter may be placed over the magnet or stack of 

magnets with a countersink through cut. The presence of the diverter results in an additional, 

stationary frame produced by light reflected from aligned pigment flakes.  

[00167] A variety of articles exhibiting the morphing effect are described further with 

reference to Figs. 65-88.  
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[00168] With reference to Fig. 68, a magnetic assembly includes a diverter which may be a 

sheet of high or medium magnetic permeability placed on magnets. The purpose of a diverter is to 

deflect the field in a predetermined direction from its original direction. The diverter shown in 

Fig. 68 is a thin sheet of a metal with high magnetic permeability (supermalloy, mu-metal, 

permalloy, etc.). The thickness of the diverter may vary in a wide range and is defined by 

configuration of the field and the grade of the magnet. The diverter with a square cut in the center, 

shown in Fig. 68, was made from a 0.006" thick sheet of mu-metal. The diverter was placed 

directly on the assembly of four magnets that has a pyramidal extruded cut through the center of 

the assembly as shown in Fig. 67. The paper substrate, previously coated with wet ink containing 

dispersed magnetic flakes, was placed on the top of the diverter.  

[00169] The ink was cured with UV light completion of the alignment of the flakes. As a 

result, aligned magnetic flakes have formed a convex reflective surface. The diverter deflected the 

field around the edges of the square cut, differently aligning the flakes in the margins of the cut.  

With reference to Fig. 69, a printed graphical component includes a Guilloche rosette, a dark 

colored rhomb, and a numeral in the center of the rosette. The rhomb has the same size as the cut 

in the diverter. The graphical component was overprinted with magnetic ink, and the 

magnetically alignable flakes within the ink were aligned using the magnetic assembly shown in 

Fig. 68. Magnetic flakes, deflected around the edges of the diverter, created an outline for the 

graphical image. The graphical components of the article in the Fig. 69 includes several guilloche 

patterns and a dark rhomb printed in the center of the graphical component and containing 

contrasting white numeral "10" in its center. Fig. 69 demonstrates the article printed with both 

graphical and optical components at the normal angle of observation. The effect appears as a 

shiny rhomb with two points emerging from it in opposite directions. The magnetically aligned 

rhomb appears to be opaque and obscures the graphical rhomb printed underneath the 

magnetically aligned optical component. The magnetically aligned effect changes when the 

sample is tilted with its right edge away from the observer (Fig. 70). Now, the opaque rhomb 

becomes transparent with a bright arrowhead outlining the printed graphical rhomb. The graphical 

printed rhomb with the numeral "10" is highly visible. When the sample is tilted with its left edge 

away from the observer, the effect moves in the opposite direction (Fig. 71). Figs. 69 through 71 

present the boomerang (or "swing") effect which has a spindle-like appearance widest in the 

middle and tapering at the top and at the bottom. The bright image gradually changes its shape 
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and flips from the left side of a central vertical (with respect to the drawing) axis of the printed 

image to the right side of the axis. The effect is enabled by a curved alignment of the flakes, 

wherein flakes along the central vertical axis lie parallel to the substrate and, in cross-sections 

normal to the vertical axis, the flakes form arching patterns with radii of the arch increasing and 

then decreasing along the axis. The arrowhead feature shown in Figs. 69-71 adjacent to two sides 

of the rhomb touching the boomerang when the sample is tilted. The portion of the flakes located 

close to the edges of the cut through magnetic deflector are locally distorted which results in the 

appearance of the arrowhead-like outline of the rhomb element of the graphical component.  

[00170] The incorporation of sheet metal between the top of the magnet and the bottom of 

printed substrate with the layer of wet ink containing magnetic flakes allows tuning of the field 

direction and its magnetic flux magnitude. Magnetic fields can be re-routed around objects. By 

surrounding an object with a material which can "conduct" magnetic flux better than the materials 

around it, the magnetic field will tend to flow along this material and avoid the objects inside.  

[00171] When ferromagnetic sheet or plate is placed into a magnetic field, it draws the field 

into itself providing a path for the magnetic field lines through it. The field on the other side of 

the plate is almost nil because the plate has diverted the field causing a lot of it to flow within the 

plate itself instead of in the air.  

[00172] Magnetic properties of metals define how these metals divert magnetic field when 

they in the sheet form are placed in the field. Metals or alloys with high magnetic permeability are 

usually used got this purpose. Mu-metal or permalloy are broadly used for shielding purposes; 

they typically have relative permeability values of 80,000-100,000 compared to several thousand 

for ordinary steel.  

[00173] Mu-metal and permalloy also have very low saturation, the state where an increase in 

magnetizing force produces no further increase in magnetic induction in a magnetic material. So 

while it is extremely good as a conduit for very weak fields, it is essentially not much better than 

air when it comes to very strong magnetic fields. The field is diverted toward the magnetic pole 

located in the center of their print with magnetic ink reducing radius of magnetically aligned ring 

that looked as if the field was focused. However, the reality is that such shielding of the field 

almost twice reduces its flux magnitude.  
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[00174] Fig. 72 and 73 are simulations which illustrate changes in a magnetic field when a 

sheet of a different materials is placed above a magnet. A mumetal sheet was placed on the 

magnet in Fig. 72 and a cold rolled sheet of 1018 steel was placed on the top of the same magnet.  

[00175] As demonstrated in the pictures, the Mumetal sheet dissipates the field along its 

volume. The steel sheet, having a lower permeability, attracts a lot of field near the magnet.  

[00176] The distance between the magnet and the sheet has also effect the field propagation 

through the metal and the field magnitude above the shield. A good demonstration of it can be 

seen in cartoons at http://www.coolmagnetman.com/motion10.htm.  

[00177] The purpose of the diverters was in the deflection of the field in a predetermined 

direction from its original to change alignment of particles in predictable way.  

[00178] The diverters may be Mumetal sheets and cold rolled steel sheets (cold rolling makes 

sheets with a larger grain size that improves magnetic permeability). The thickness of the sheets 

may vary in the range of from 0.004" to 0.1".  

[00179] In experiments, the Mumetal sheets have been selected with the thickness that 

allowed the field to penetrated the sheet. The diverters had a cut in the middle thereof. The cuts 

had different shapes for different magnets. The field curved around the edges of the cut 

correspondingly aligning magnetic pigment in addition to the flakes aligned in the field penetrated 

through the magnets as illustrated in Fig. 68. Optical effects, produced by introduction of a 

diverter are illustrated in Figs. 69-71. A magnet with a diverter is shown in Fig. 74 and the optical 

effect generated by this assembly is illustrated in Fig. 75.  

[00180] For more unusual optical effects, the diverters were cut in different pieces and put on 

the magnet to drive the field around the edges allowing it also penetrate through the plane of the 

diverter. Examples of such effects with corresponding magnets are demonstrated in Figs. 76-84.  

[00181] The optical effect in Fig. 77 has been photographed at the normal angle, while in Fig.  

78 - at the tilt away from the camera.  

[00182] Magnetic assembly schematically illustrated in Fig. 79 produces effects shown in 

photographs at normal angle (Fig. 80) and at the tilt of the sample (Fig. 81).  
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[00183] The magnetic assembly in Fig. 82 produces effects demonstrated in photographs at 

normal angle (Fig. 83) and at the tilt of the sample (Fig. 84).  

[00184] The second method included steel diverters completely blocking magnetic field.  

These diverters, also cut in pieced and put in particular places on the top of the magnet, blocked 

the field in these places and allowed the field to emerge from non-blocked places.  

[00185] The same assembly as shown in Fig. 76 but with a different diverter produces a "bow 

tie" effect demonstrated in Fig. 85 at the normal angle, in Fig. 86 at a tilt to the left, in Fig. 87 at a 

tilt away from the camera, and in Fig. 88 at a tilt toward the camera. Figs. 85-88 exhibit the 

morphing effect that changes (or morphs) one image into another through a seamless transition, 

for example as shown in Fig. 86: the upper part of the "bow" expands while the bottom part 

shrinks with the tilt of the sample away from the camera.  

[00186] The thickness and material selection for a diverter depend on the strength of the 

magnet and its configuration. For example, neodymium boron iron sintered magnets are very 

strong. Placing a thick steel plate on the top of the magnet in Fig. 76 doesn't prevent the field 

from coming through the diverter in order to align the flakes and form the pattern demonstrated in 

Figs. 77 and 78. Replacement of the sintered magnet with a compression bonded neodymium 

boron iron magnet entirely converts the field through the volume of the diverter elimination its 

appearance on the surface of the diverter as shown in Figs. 76 and 85-88. The field comes up 

through the openings between diverters and curves around the edges of the diverters creating a 

volume effect.  

[00187] In the embodiments described above with reference to Figs. 65-88, the articles 

exhibiting the morphing effect are manufactured by proving a coating having pigment flakes 

dispersed in a binder to a substrate, wherein the pigment flakes include a magnetic or 

magnetizable material, aligning the pigment flakes with a magnetic assembly comprising a 

magnet and a diverter, and fixing the binder. The substrate may or may not support a graphical 

component, and the morphing effect per se may be used as a security or highly decorative feature.  

The concentration of the magnetic pigments in the ink may vary in the range of 4-25wt %; 

however, when an underlying graphical component should be visible, the concentration of the 

pigment flakes in the ink should be less than 14 wt%. The magnet, such as shown in Figs. 67, 76, 
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79, and 82 has top and bottom surfaces, and a through cut between the top and bottom surfaces 

whereby the top surface has a top opening and the bottom surface has a bottom opening. The 

magnetic axis of the magnetic assembly is in a direction from the top surface to bottom surface, or 

in the opposite direction. The diverter is adjacent to the top surface of the magnet, wherein the 

top opening is only partially covered by the diverter as shown in Figs. 68, 74, 76, 79, and 82. The 

diverter may be a metal sheet, preferably of high magnetic permeability. The thickness of the 

sheets may vary in the range of from 0.004" to 0.1".  

[00188] The following comments and particular details relate to all the embodiments 

described herein.  

[00189] The described articles may have a graphical component and an optical component, 

both supported by a substrate, with the optical component possibly on the top of the graphical 

component. The graphical component includes one or more layers of ink, possibly printed onto 

the substrate or onto one or more plastic support sheets attached to the substrate. The optical 

component includes one or more layers possibly printed onto the substrate or onto one or more 

plastic support sheets attached to the substrate; the layer(s) of the optical component contain 

pigment flakes having a permanent magnetic or magnetizable material and are dispersed in a 

binder; some of the pigment flakes within the optical component are aligned so as to produce at 

least a dynamic frame around a symbol which is part of the graphical component. The article may 

be integrated into a banknote or a security label. The graphical component can include one of 

security patterns used in the document security industry and/or a picture or a symbol. The optical 

component can be made with color-shifting interference pigments or reflective metallic pigment 

flakes. The optical component enhances appearance of the graphical component. The optical 

component reflects light from a concave, convex, convexo-convex, or convexo-concave, etc.  

arrangement of magnetic pigment flakes (platelets) dispersed in a binder and aligned along the 

lines of applied magnetic field. The binder may be a light transmissive, preferably clear, UV

curable binder. Concentration of the particles in the binder is preferably in the range of 4wt%

14wt%, and more preferably between 4 and 8 wt%. Weight percentage is defined as that portion 

of the cured, dried ink that results from the weight of the pigment flakes. For inks such as 

ultraviolet-cured high solids silkscreen inks, there are essentially no solvents. So a first example 

UV-cure ink with 8 wt. percent pigment flakes would have 92% UV resin and curing 
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agents/additives. But if a solvent-borne ink such as solvent-Intaglio or solvent-gravure is utilized, 

a calculation is required to take into account the effect of that fraction of volatile solvent. As an 

alternate example, an uncured wet solvent-borne gravure ink starting with 50 wt% solvent, 45 

wt% resin, and 5 wt% pigment flakes would dry to become a dried cured ink layer having 10 wt% 

pigment flakes and 90 wt% resin. Thus this second example ink would represent the case of 10 

wt% pigment flakes because the definition of weight percentage refers to dried cured ink.  

[00190] Both components may be printed using conventional techniques. Graphics and the 

optical effect produced by the optical component should complement each other. The optical 

component may be provided either over or below the graphics. The optical component can be 

coated in patterns or can be coated as a continuous layer. The optical component can be in the 

form of a convex reflector (when the substrate printed with wet magnetic ink is placed on the top 

of the magnet) or concave reflector (when a thin transparent polymer sheet printed with wet 

magnetic ink is placed on the top of the magnet, flakes aligned in the field, ink cured and 

transparent sheet laminated with printed side to the graphical image) or a combination of concave 

and convex reflectors. The optical component may be printed with pigments of the same color or 

having the same color shift as the pigments in graphical component. Preferably, the optical effect 

generated by the optical component obscures only a small portion of entire region leaving the rest 

of the printed image available for observation.  

[00191] In the embodiments where a magnetic ink is printed onto a plastic support 

substrate (e.g. transparent polyester), the substrate may have a transparent hologram, bearing a 

symbol or a pattern, which may graphically match the pattern of the substrate. The hologram is 

preferably coated with a layer of a material with high index of refraction in the range of between 

1.65 and 4.0. The hologram provides an additional security feature to the device, because 

manufacturing of the device involves not only skills in security printing and magnetic alignment, 

but also skills in making of holograms.  

[00192] The graphical component may be formed of a non-magnetic ink that the pigments 

therein are not alignable in the presence of the magnetic field used for the alignment of the optical 

component. The central image surrounded by the frame may be a symbol or logo; it may be 

printed in one or more colors. i.e. by applying one or more inks. Preferably, the central image is 
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printed with non-magnetic ink(s). However, a magnetic ink with a concentration of between 20 

and 30 wt% may be used; the pigments of that ink preferably are planarized so as to lie parallel to 

the surface of the substrate and thus form a static image.  

[00193] The substrate may be a paper, plastic, or cardboard substrate, etc., and the resulting 

article may be a banknote, a credit card, or any other object thereto magnetically alignable flakes 

are applied as described herein.  

[00194] Magnetically alignable pigment flakes may be formed of one or more thin film 

layers, including a layer of permanently magnetic or magnetizable material such as Nickel, 

Cobalt, and their alloys. In this application, the term "magnetic" is used to include permanently 

magnetic as well as magnetizable materials, pigment flakes, inks, etc. In the pigment flakes, the 

magnetic layer may be hidden between two reflector layers, preferably made of Aluminum.  

Additionally, a dielectric layer may be provided on each reflector layer, and an absorber layer 

on each dielectric layer, thus forming color-shifting flakes. Various thin-film flakes and methods 

of their manufacturing are disclosed e.g. in U.S. Pat. Nos. 5,571,624, 4,838,648, 7,258,915, 

6,838,166, 6,586,098, 6,815,065, 6,376,018, 7,550,197, 4,705,356 incorporated herein by 

reference. The pigment flakes are essentially planar, however may include symbols or gratings.  

The flakes have a thickness of between 50 nm and 2,000 nm, and a length of between 2 microns 

and 200 microns. Preferably, the length of the flakes is in the range of 5-500 microns, and the 

thickness in the range of 50 nm to 5 microns. The flakes may have an irregular shape.  

Alternatively, shaped flakes such as square, hexagonal, or other selectively-shaped flakes may be 

used to promote coverage and enhanced optical performance. Preferably, the pigment flakes are 

highly reflective flakes having at least 50%, and preferably 70%, reflectivity in the visible 

spectrum.  

[00195] The pigment flakes are conventionally manufactured using a layered thin film 

structure formed on a flexible web, also referred to as a deposition substrate. The various layers 

are deposited on the web by methods well known in the art of forming thin coating structures, 

such as Physical and Chemical vapor deposition and the like. The thin film structure is then 

removed from the web material and broken into thin film flakes, which can be added to a 

polymeric medium such as various pigment vehicles (binders) for use as ink, paint, or lacquer 
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which are collectively referred herein as "ink," and may be provided to a surface of a substrate by 

any conventional process referred herein as "printing." Furthermore, the term "ink" is used for a 

liquid or paste ink used for printing, as well as to indicate a dry coating resulting from the printing 

process. The binder is preferably a clear binder, but may be tinted with a low amount of 

conventional dye, and may include a low amount of admixtures, e.g. taggant non-magnetic flakes 

having a symbol thereon.  

[00196] Within the ink, the magnetically alignable flakes may be oriented with application 

of a magnetic field produced by one or more permanent magnets or electromagnets. Generally, 

the flakes tend to align along the magnetic lines of the applied field while the ink is still wet.  

Preferably, the ink is solidified when the printed image is still in the magnetic field. Various 

methods of aligning magnetically alignable flakes are disclosed e.g. in U.S. Patent No. 7,047,883 

and U.S. Patent Application No. 20060198998, both incorporated herein by reference.  

Advantageously, the magnetic alignment of the flakes may be performed as part of a high-speed 

printing process, wherein a printed image moves on a support, e.g. a belt or plate, in proximity of 

a permanent magnet at a speed of from 20 ft/min to 300ft/min. The magnet may be placed under 

or above the belt or plate, or embedded into a roller used in a rotational printing apparatus.  

[00197] The pigment flakes, after being magnetically aligned, form a frame pattern possibly 

surrounding the image provided by the graphical component. A cross-section of the frame pattern 

includes pigment flakes aligned parallel to the substrate in the central part of the cross section, as 

well as pigment flakes tilted with respect to the substrate. Angles which pigment flakes form with 

the substrate, i.e. the angle between the planes of the flakes and the substrate, decrease to 

practically zero and then increase along a plurality of radial directions originating at the center of 

the frame or the central image, if present. Preferably, the cross section of the frame pattern 

includes pigment flakes oriented near normally on both sides of the central portion of the cross 

section where pigment flakes are parallel to the substrate. On both sides of the central portion of 

the cross section, the flakes form at least at 70 degrees, and preferably at least 80 degrees with the 

substrate, so as to reduce the shadow or "path" the dynamic frame might leave as it appears to 

move, see Figs. 1 and 2.  
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[00198] The articles described in this application may be used as security devices and/or for 

decorative purposes. The devices disclosed herein are identifiable and easily recognizable, and 

thus may be used for providing security features. They are eye catching, visually attractive, and 

affordable because they are printable. Magnetically aligned pigment flakes create the perception 

of floating and motion of a magnetically aligned bright frame and/or of a graphical image within 

the bright frame. Of course, the perception of illusive effects depends on a human brain, and a 

particular effect may appear differently to different people.  

[00199] The composite images produced by the aforedescribed optical devices may have 

one or two enclosing optical elements of in a variety of shapes (rings, diamonds, pentagons, etc.) 

surrounding a mono- or multicolored graphical image, e.g. defined by the brand owner or security 

printing specialist. The enclosing optical elements (frames) reflect incident light and produce the 

perception of depth and illusive motion of the multicolored graphical image. Illusive flotation 

takes place either underneath or above the surface of the security device. It may virtually appear 

to be underneath of the graphical image. The device may have a communicative effect if it bears a 

multi-colored graphical message (logo of a brand owner, product symbol, etc.) inside of a neutral 

silver floating optical enclosure. The graphical image is a part of the composite imaging system 

and may be perceived as moving because a reference object around it (a magnetically aligned 

feature) moves in respond to external stimulus.  

[00200] Advantageously, in a printed article with a dynamic stereoscopic effect related to 

an optical parallax of the bright frame, an observer may see the bright frame as floating in a 

distance of 3-8 mm from the substrate. Optical devices disclosed in this application may cause 

illusory flotation of graphical elements of the device, as well as motion and morphing of optical 

elements. The graphics printed on a banknote plays an important role in the note's appearance and 

its acceptance by the public. The dynamic optical component enhances the appearance of the 

graphical component by managing the visual perception: stereopsis, reference frames and 

occlusion. It is desirable to avoid interruption of the graphical image on the surface of the note 

with magnetic ink, but to use the magnetic ink to enhance the image with depth, motion and 

flotation so that the optical effect produced by the flakes serves as a reference frame for the 

graphics, which problem is solved by using the low concentrations of the magnetic ink, the frame 

pattern which concentrates attention of an observer in the center of the frame, and an arching 
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alignment of the pigment flakes in the cross sections of the frame pattern which concentrate 

reflected light into a bright dynamic frame, whereas the dynamic quality of the frame increases 

the attention of the observer.  

[00201] In this specification, the terms "comprise", "comprises", "comprising" or similar 

terms are intended to mean a non-exclusive inclusion, such that a system, method or apparatus 

that comprises a list of elements does not include those elements solely, but may well include 

other elements not listed.  

49



WE CLAIM: 

1. An article comprising: 

a substrate; 

a graphical component comprising a first ink and forming a background and an image 

discernible from the background, supported by the substrate; and an optical component 

comprising a second ink, wherein the second ink is different from the first ink and comprises 

a plurality of pigment flakes, supported by the substrate, wherein the graphical component is 

at least partially between the substrate and the optical component; 

wherein the pigment flakes include a magnetic or magnetizable material and are 

aligned so as to reflect incident light in a frame pattern such that the frame pattern surrounds 
the image; 

wherein, within the frame pattern, along a plurality of radial directions originating 

within the image, angles which the pigment flakes form with the substrate decrease until at 
least a pigment flake of the plurality of pigment flakes is essentially parallel to the substrate 

and then the angles increase so that, when light is incident upon the pigment flakes from a 
light source, light reflected from the frame pattern forms a dynamic frame which surrounds 

the image and the dynamic frame appears to move as the substrate is tilted with respect to the 
light source; 

wherein the image appears to be stationary when the dynamic frame appears to move; 

and, 

wherein a size and a concentration of the pigment flakes in the second ink are such 

that a portion of the background adjacent to the dynamic frame is at least partially visible 
through the optical component.  

2. The article as defined in claim 1, wherein along one of the plurality of radial 

directions the angles which pigment flakes form with the substrate decrease from at least 70 
degrees to zero and then increase to at least 70 degrees.  

3. The article as defined in claim 1, wherein the image comprises a symbol or 
logo.  

4. The article as defined in claim 1, wherein the concentration of pigments in the 

first ink is greater than 20 wt%.  

5. The article as defined in claim 1, wherein the concentration of the pigment 

flakes in the second ink is greater than 4 wt% and less than 14wt%.  
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6. The article as defined in claim 1, wherein an additional frame is visible 

when the article is irradiated with light, and the dynamic frame appears to move relative to 

the additional frame.  

7. The article as defined in claim 1, wherein the optical component covers the 

image, and wherein the pigment flakes in the second ink are aligned so that the image is 

visible.  

8. The article as defined in claim 1, wherein the optical component is on a 

transparent support attached to the substrate.  

9. The article as defined in claim 1, wherein along one of the plurality of radial 

directions, angles that the pigment flakes form with the substrate decrease from at least 80 

degrees at an originating point of the plurality of radial directions to zero and then increase 

to at least 80 degrees near the edge of the frame.  

10. The article as defined in claim 1, wherein the first ink and the second ink 

provide a color shifting effect.  

11. The article as defined in claim 1, wherein the dynamic frame appears to float 

out of a plane of the substrate.  

12. The article as defined in claim 1, wherein the article is a security device.  

13. The article as defined in claim 1, wherein the article is a banknote.  

14. An article comprising: 

a substrate and a multilayered image supported by the substrate, wherein the 

multilayered image comprises an indicia, a background pattern, and a coating comprising 

ink comprising pigment flakes, wherein the pigment flakes comprise a magnetic or 

mangetizable material, 

wherein the coating is supported by a frame region of the substrate, surrounding the 

indicia and covering a portion of the background pattern; 

wherein a cross-section of the coating in the frame region has an arching pattern of 

pigment flakes, and the arching pattern is maintained along the frame region so that light 

reflected from the arching pattern forms a dynamic frame which surrounds the indicia and 

moves relative to the background when the substrate is tilted; and 

wherein a size and a concentration of the pigment flakes in the ink is such that a 

portion of the background underlying the frame region outside of the dynamic frame is at 
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least partially visible whereby the dynamic frame delimits an indicia-containing dynamic 

region from the background and the dynamic region moves relative to the background when 

the substrate is tilted so that the dynamic frame or indicia appears to float out of plane of the 

substrate.  

15. An article comprising: 

a substrate and an optical component comprising a plurality of pigments, supported 

by the substrate; 

wherein the pigments are pigment flakes that include a magnetic or magnetizable 

material, aligned so as to reflect incident light in a frame pattern such that the frame pattern 

surrounds an image and, within the frame pattern, along a plurality of radial directions 
originating within the image at a point of origination, angles which the pigment flakes form 
with the substrate decrease from at least 70 degrees at the point of origination until at least 

one pigment flake of the plurality of pigment is substantially parallel to the substrate and 
then the angles increases again to at least 70 degrees near the edge of the frame so that, when 
light is incident upon the pigment flakes from a light source, light reflected from the frame 
pattern forms a dynamic frame which appears to move as the substrate is tilted with respect to 
the light source, and wherein the size of the dynamic frame changes as the frame appears to 
move.  

16. The article defined in claim 15, wherein the shape of the dynamic frame is 

maintained when the dynamic frame appears to move.  

17. A method of manufacturing the article defined in claim 15, comprising: 

providing a coating having pigment flakes dispersed in a binder to a substrate, 
wherein the pigment flakes include a magnetic or magnetizable material, aligning the 
pigment flakes with a magnetic assembly, and fixing the binder, 

wherein the magnetic assembly comprises a stack of one or more magnets, the stack 
has top and bottom surfaces, and a through cut between the top and bottom surfaces whereby 

the top surface has a top opening and the bottom surface has a bottom opening smaller than 
the top opening, and 

wherein a magnetic axis of the magnetic assembly is in a direction from one to 
another of the top and bottom surfaces.  

18. The method as defined in claim 17, wherein the through cut is a tapered 

extruded cut.  
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19. The method as defined in claim 17, wherein the top opening has a same shape 

as the bottom opening.  

20. The article as defined in claim 15, wherein the concentration of the pigment 

flakes is greater than 4 wt% and less than 14 wt%.  
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