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MANUFACTURING METHOD FOR OPTICAL ANTI-COUNTERFEITING ELEMENT

(57) The present invention provides an optical an-
ti-counterfeiting element, an anti-counterfeiting product
and a manufacturing method of an optical anti-counter-
feiting element. The optical anti-counterfeiting element
includes a substrate layer and an optical layer; the optical
layer is disposed on one side of the substrate layer and
connected with the substrate layer; the optical layer in-
cludes a micro-structure layer; and the micro-structure
layer includes a first area, having a plurality of first mi-
cro-structures, and a second area, having a plurality of
second micro-structures, when observed from one side
of the optical anti-counterfeiting element, the first area
has a white feature, the second area has an interference
optical discoloration feature, and the specific volume of
the second micro-structure is greater than that of the first
micro-structure. The present invention solves the prob-
lem that an optical anti-counterfeiting element in the rel-
evant art has poor anti-counterfeiting performance.
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Description

Cross-Reference to Related Application

[0001] This application claims priority to Chinese Pat-
ent Application No. 202111335319.6 filed to the China
National Intellectual Property Administration on Novem-
ber 11, 2021 and entitled "Optical Anti-Counterfeiting El-
ement, Anti-Counterfeiting Product and Manufacturing
Method of Optical Anti-Counterfeiting Element".

Technical Field

[0002] The present invention relates to the technical
field of optical anti-counterfeiting, and in particular to an
optical anti-counterfeiting element, an anti-counterfeiting
product and a manufacturing method of the optical anti-
counterfeiting element.

Background

[0003] In order to prevent counterfeiting generated by
means of scanning, copying and the like, an optical anti-
counterfeiting element containing an optical anti-coun-
terfeiting technology is widely used in various high-safety
or high-added-value printed matters such as banknotes,
credit cards, passports, securities and product packages.
Although the optical anti-counterfeiting element im-
proves anti-counterfeiting performance, the anti-counter-
feiting performance of the optical anti-counterfeiting ele-
ment is still easy to imitate.
[0004] That is, the optical anti-counterfeiting element
in the relevant art has the problem of poor anti-counter-
feiting performance.

Summary

[0005] A main objective of the present invention is to
provide an optical anti-counterfeiting element, an anti-
counterfeiting product and a manufacturing method of
the optical anti-counterfeiting element, to solve the prob-
lem that the optical anti-counterfeiting element in the rel-
evant art has poor anti-counterfeiting performance.
[0006] In order to achieve the purpose, according to
an embodiment of the present invention, an optical anti-
counterfeiting element is provided, which includes a sub-
strate layer and an optical layer; the optical layer is dis-
posed on one side of the substrate layer and connected
with the substrate layer; the optical layer includes a micro-
structure layer; and the micro-structure layer includes a
first area having a plurality of first micro-structures, and
a second area having a plurality of second micro-struc-
tures, when observed from one side of the optical anti-
counterfeiting element, the first area has a white feature,
the second area has an interference optical discoloration
feature, and the specific volume of the second micro-
structure is greater than that of the first micro-structure.
[0007] In an embodiment, the optical layer further in-

cludes: a metal layer, which is connected with one side,
away from the substrate layer, of the first area; and an
interference optical variable layer, which is connected
with at least one side, away from the substrate layer, of
the second area.
[0008] In an embodiment, the optical layer further in-
cludes a protective layer, which is connected with one
side, away from the substrate layer, of the metal layer.
[0009] In an embodiment, the interference optical var-
iable layer is connected with one side, away from the
metal layer, of the protective layer.
[0010] In an embodiment, the interference optical var-
iable layer includes an absorption layer, a dielectric layer
and a reflection layer which are stacked in sequence,
and the absorption layer is connected with at least one
side, away from the substrate layer, of the second area.
[0011] In an embodiment, a material of the absorption
layer includes at least one of nickel, chromium, alumi-
num, silver, copper, tin and titanium; and/or a material of
the dielectric layer includes at least one of magnesium
fluoride, silicon dioxide, zinc sulfide, titanium nitride, tita-
nium dioxide, titanium monoxide, titanium trioxide, triti-
tanium pentoxide, tantalum pentoxide, niobium pentox-
ide, cerium dioxide, bismuth trioxide, dichromium triox-
ide, iron oxide, hafnium dioxide or zinc oxide; and a ma-
terial of the reflection layer includes at least one of alu-
minum, silver, tin, nickel and titanium.
[0012] In an embodiment, the metal layer includes at
least one of aluminum, silver, tin, nickel and titanium;
and/or the thickness of the metal layer is greater than 10
nm and smaller than or equal to 80 nm.
[0013] In an embodiment, the specific volume of the
first micro-structure is greater than or equal to 0 and
smaller than or equal to 0.5 um3/um2; and/or the specific
volume of the second micro-structure is greater than 0.4
um3/um2 and smaller than 2 um3/um2.
[0014] In an embodiment, all the first micro-structures
are achromatic white micro-structures.
[0015] In an embodiment, at least two of the plurality
of achromatic white micro-structures are different in size,
at least two of the plurality of achromatic white micro-
structures are different in height, and the achromatic
white micro-structure is a projection or a groove.
[0016] In an embodiment, the length of the achromatic
white micro-structure is greater than 1 um and smaller
than 10 um; and/or the depth of the achromatic white
micro-structure is greater than 0.1 um and smaller than
5 um.
[0017] In an embodiment, the achromatic white micro-
structure is a micro reflector, the length of the micro re-
flector is greater than or equal to 5 um and smaller than
or equal to 10 um; and/or the depth of the micro reflector
is greater than 1 um and smaller than or equal to 4 um.
[0018] In an embodiment, the first area includes: a first
sub-area, which is continuously disposed around the pe-
riphery of the second area, and the first micro-structure
in the first sub-area is an achromatic white micro-struc-
ture; and a second sub-area, which is continuously dis-
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posed around the periphery of the first sub-area, and the
first micro-structure in the second sub-area is a non-ach-
romatic white micro-structure.
[0019] In an embodiment, the plurality of non-achro-
matic white micro-structures are periodically arranged;
or the plurality of non-achromatic white micro-structures
are arranged in a non-periodic manner.
[0020] In an embodiment, the section structure of the
non-achromatic white micro-structure along the exten-
sion direction is at least one of a flat structure, a sinusoidal
structure, a rectangular grating structure, a trapezoidal
grating structure, a blazed grating structure and an arc-
shaped grating structure.
[0021] In an embodiment, the plurality of second micro-
structures are periodically arranged; or the plurality of
second micro-structures are arranged in a non-periodic
manner.
[0022] In an embodiment, the section structure of the
second micro-structure along the extension direction is
at least one of a flat structure, a sinusoidal structure, a
rectangular grating structure, a trapezoidal grating struc-
ture, a blazed grating structure and an arc-shaped grating
structure.
[0023] According to another embodiment of the
present invention, an anti-counterfeiting product is pro-
vided, which includes the optical anti-counterfeiting ele-
ment described above.
[0024] In an embodiment, the anti-counterfeiting prod-
uct further includes a carrier, the optical anti-counterfeit-
ing element is disposed on the carrier, and at least part
of the surface, bearing the optical anti-counterfeiting el-
ement, of the carrier is white.
[0025] According to still another embodiment of the
present invention, a manufacturing method of an optical
anti-counterfeiting element is provided, and the optical
anti-counterfeiting element described above is manufac-
tured by the manufacturing method of the optical anti-
counterfeiting element. The manufacturing method of the
optical anti-counterfeiting element includes: S10: a mi-
cro-structure layer having a first area and a second area
is formed on the surface of a substrate layer, a first micro-
structure is formed on the first area, and a second micro-
structure with specific volume greater than that of the first
micro-structure is formed on the second area; S20: a
meal layer is formed on the surface, away from the sub-
strate layer, of the micro-structure layer; S30: a protective
layer for protecting the first area is formed on the surface,
away from an optical layer, of the metal layer; S40: the
metal layer at the second area is removed; and S50: an
interference optical variable layer is formed on the sur-
face of one side away from the substrate layer, so as to
form the optical anti-counterfeiting element.
[0026] By adoption of the technical solution of the
present invention, the optical anti-counterfeiting element
includes the substrate layer and the optical layer; the
optical layer is disposed on one side of the substrate
layer and connected with the substrate layer; the optical
layer includes the micro-structure layer; and the micro-

structure layer includes the first area and the second ar-
ea, the first area has a plurality of first micro-structures,
the second area has a plurality of second micro-struc-
tures, when observed from one side of the optical anti-
counterfeiting element, the first area has a white feature,
the second area has an interference optical discoloration
feature, and the specific volume of the second micro-
structure is greater than that of the first micro-structure.
[0027] The optical features of the two areas are differ-
ent through the arrangement of the first area and the
second area, the first area with the white feature plays a
role of set off, and the second area with the interference
optical discoloration feature may show different color ef-
fects at different observation angles. Meanwhile, the sec-
ond area with interference optical discoloration feature
is in a preset shape, when the optical anti-counterfeiting
element is observed in an inclined view, only a specific
image has a discoloration effect, and other areas are
white, so that extremely strong visual feature and anti-
counterfeiting performance are achieved. The specific
volume of the second micro-structure is greater than that
of the first micro-structure, so that the second micro-
structure occupies a larger space under the condition of
the same weight, and the sizes of the micro-structures
of the first area and the second area are different on the
basis of not increasing the weight of the optical anti-coun-
terfeiting element, so that the first area and the second
area generate different optical features.

Brief Description of the Drawings

[0028] The drawings forming a part of the present in-
vention in the specification are adopted to provide a fur-
ther understanding to the present invention. Schematic
embodiments of the present invention and descriptions
thereof are adopted to explain the present invention and
not intended to form improper limits to the present inven-
tion. In the drawings:

Fig. 1 illustrates a schematic structure diagram of an
optical anti-counterfeiting element of Embodiment 1
of the present invention.

Fig. 2 illustrates a structure diagram of a sectional
view at an angle of an optical anti-counterfeiting el-
ement in Fig. 1.

Fig. 3 illustrates a schematic structure diagram of an
optical anti-counterfeiting element of Embodiment 2
of the present invention.

Fig. 4 illustrates a structure diagram of a sectional
view at an angle of an optical anti-counterfeiting el-
ement in Fig. 3.

[0029] The drawings include the following reference
signs.
10. Substrate layer; 20. Optical layer; 30. Micro-structure
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layer; 31. First area; 311. First micro-structure; 312. First
sub-area; 313. Second sub-area; 32. Second area; 321.
Second micro-structure; 40. Metal layer; 50. Interference
optical variable layer; 51. Absorption layer; 52. Dielectric
layer; 53. Reflection layer; 60. Protective layer; and 70.
Functional coating.

Detailed Description of the Embodiments

[0030] It is to be noted that the embodiments and fea-
tures in the embodiments of the present invention may
be combined with each other without conflict. The present
invention will be described in detail below with reference
to the accompanying drawings and the embodiments.
[0031] It is to be noted that, unless defined otherwise,
all technical and scientific terms used herein have the
same meaning as commonly understood by those of or-
dinary skill in the art to which this present invention be-
longs.
[0032] In the present invention, unless stated to the
contrary, the orientation term such as "upper, lower, top,
bottom" or the like, generally refers to the direction shown
in the drawings, or to the vertical, perpendicular, or grav-
itational direction of components; likewise, for ease of
understanding and description, "inner and outer" refer to
inner and outer relative to the profile of the components,
but the above orientation terms are not intended to limit
the present invention.
[0033] In order to solve the problem of poor anti-coun-
terfeiting performance of an optical anti-counterfeiting el-
ement in the relevant art, the present invention provides
an optical anti-counterfeiting element, an anti-counter-
feiting product and a manufacturing method of an optical
anti-counterfeiting element.
[0034] In existing optical anti-counterfeiting technolo-
gies, optical effects such as diffraction and non-diffraction
formed by a micro-structure are widely applied due to
high brightness and obvious dynamic effect. In order to
increase the brightness of images, the micro-structure
optical anti-counterfeiting technology generally adopts a
metal reflection layer, such as aluminum. The optical anti-
counterfeiting technology, namely holographic technol-
ogy, which is the most widely applied to optical films at
present is an optical technology developed by utilizing a
diffraction effect formed by the micro-structure. The ho-
lographic technology is adopted for anti-counterfeiting
threads of the 5th set of 5-yuan, 10-yuan, 20-yuan, 50-
yuan and 100-yuan RMB (1999 Edition). In addition, a
multi-layer interference optical variable technology is in-
creasingly paid attention by people due to different color
effects at different observation angles. The color change
of the interference optical variable effect is definitely de-
scribable, for example, color A is shown under observa-
tion in a front view, color B is shown under observation
in an inclined view, so that the anti-counterfeiting per-
formance is higher than that of hologram. The multi-layer
interference optical variable technology generally adopts
a vapor deposition method to realize evaporation of a

multi-layer interference plating layer.
[0035] A classical multi-layer interference plating layer
generally includes a reflection layer, a dielectric layer and
an absorption layer. The reflection layer is generally pre-
pared from a high-brightness metal material, the dielec-
tric layer is generally prepared from a transparent inor-
ganic or organic material, and the absorption layer is also
called as a semitransparent layer and is generally pre-
pared from a thin metal material with good absorptivity.
The multi-layer interference optical variable technology
is adopted by security threads of the 5th set of 100-yuan
RMB (2015 edition) and those of 10-yuan, 20-yuan and
50-yuan RMB (2019 edition), and magenta color is shown
under observation in a front view and green color is
shown under observation in an inclined view. Particularly,
security threads of 50-yuan RMB adopt the technology
combining the optical micro-structure and the interfer-
ence optical variable layer 50, so that under observation
in an inclined view, a comprehensive anti-counterfeiting
feature combining the rolling strip effect shown by the
micro-structure and the interference optical variable ef-
fect is visible.
[0036] The optical anti-counterfeiting element of the
present invention adopts the combination of the optical
micro-structure and the interference optical variable layer
50, the area with interference optical discoloration feature
is a preset shape, for example, letters or numbers or other
images with specific information, the application of the
interference optical variable plating layer may play a com-
plementing role, namely, under observation in an inclined
view, specific images have a discoloration effect. It can
be imagined that if in the optical anti-counterfeiting ele-
ment, only a specific image shows a discoloration effect
(that is, where the interference optical variable plating
layer is strictly located), and other areas are white, the
optical anti-counterfeiting element is applied on a sub-
strate with white feature (such as banknote paper), and
strong visual feature and anti-counterfeiting performance
are achieved.
[0037] As shown in Figs. 1-4, the optical anti-counter-
feiting element includes a substrate layer 10 and an op-
tical layer 20; the optical layer 20 is disposed on one side
of the substrate layer 10 and connected with the substrate
layer 10; the optical layer 20 includes a micro-structure
layer 30; and the micro-structure layer 30 includes a first
area 31 and a second area 32, the first area 31 has a
plurality of first micro-structures 311, the second area 32
has a plurality of second micro-structures 321, when ob-
served from one side of the optical anti-counterfeiting
element, the first area 31 has a white feature, the second
area 32 has an interference optical discoloration feature,
and the specific volume of the second micro-structure
321 is greater than that of the first micro-structure 311.
[0038] The optical features of the two areas are differ-
ent through the arrangement of the first area 31 and the
second area 32, the first area 31 with the white feature
plays a role of set off, and the second area 32 with the
interference optical discoloration feature may show dif-
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ferent color effects at different observation angles. Mean-
while, the second area 32 with interference optical dis-
coloration feature is in a preset shape, when the optical
anti-counterfeiting element is observed in an inclined
view, only a specific image has a discoloration effect, and
other areas are white, so that extremely strong visual
feature and anti-counterfeiting performance are
achieved. The specific volume of the second micro-struc-
ture 321 is greater than that of the first micro-structure
311, so that the second micro-structure 321 occupies a
larger space under the condition of the same weight, and
the sizes of the micro-structures of the first area 31 and
the second area 32 are different on the basis of not in-
creasing the weight of the optical anti-counterfeiting el-
ement, so that the first area 31 and the second area 32
generate different optical features.

Embodiment 1

[0039] In the specific embodiment shown in Fig. 1, the
second area 32 has an interference optical discoloration
feature, and the second area 32 is a pentagram area,
which has a relief and a discoloration feature changing
with inclination change, and the discoloration area is
heavily coincident with the pentagram area with the relief
feature. Lines of tip of the pentagram area may be very
fine, for example, smaller than 20 um. If the optical anti-
counterfeiting element is pasted on a white protected
product, the pentagram is extremely eye-catching, cou-
pled with its relief sense and discoloration effect, so the
product has excellent anti-counterfeiting performance.
[0040] As shown in Fig. 2, the thickness of the second
area 32 is greater than that of the first area 31. Then, the
second area 32 protrudes out of the first area 31, making
the interference optical discoloration feature at the sec-
ond area 32 more significant.
[0041] As shown in Fig. 2, the optical layer 20 further
includes a metal layer 40 and an interference optical var-
iable layer 50, the metal layer 40 is connected with one
side, away from the substrate layer 10, of the first area
31; and the interference optical variable layer 50 is con-
nected with at least one side, away from the substrate
layer 10, of the second area 32. A first micro-structure
311 on the first area 31 shows a relatively high whiteness
due to arrangement of the metal layer 40, so that white
feature at the first area 31 is realized. The interference
optical variable layer 50 is disposed at the second area
32, so that the second area 32 may realize an interfer-
ence optical discoloration feature, meanwhile, the sec-
ond area 32 has no metal layer 40, the interference op-
tical discoloration feature at the second area 32 may not
be affected, so that the first area 31 and the second area
32 have an obvious difference, which increases the anti-
counterfeiting performance of the optical anti-counterfeit-
ing element.
[0042] As shown in Fig. 2, the optical layer 20 further
includes a protective layer 60, and the protective layer
60 is connected with one side, away from the substrate

layer 10, of the metal layer 40. The protective layer 60
provides no additional optical effect and plays a protec-
tion role on the metal layer 40.
[0043] As shown in Fig. 2, the interference optical var-
iable layer 50 is further disposed at the first area 31, and
the interference optical variable layer 50 is connected
with one side, away from the metal layer 40, of the pro-
tective layer 60. This arrangement facilitates the forma-
tion of the interference optical variable layer 50 on the
optical anti-counterfeiting element, although the first area
31 has the interference optical variable layer 50, the first
area 31 has the metal layer 40, the interference optical
variable layer 50 located at the first area 31 cannot pro-
duce an interference optical discoloration feature under
the action of the metal layer 40, but only the first area 31
forms the white feature.
[0044] As shown in Fig. 2, the interference optical var-
iable layer 50 includes an absorption layer 51, a dielectric
layer 52 and a reflection layer 53 which are stacked in
sequence, and the absorption layer 51 is connected with
at least one side, away from the substrate layer 10, of
the second area 32. The reflection layer is generally pre-
pared from a high-brightness metal material, the dielec-
tric layer 52 is generally prepared from a transparent in-
organic or organic material, and the absorption layer 51
is also called as a semitransparent layer and is generally
prepared from a thin metal material with good absorptiv-
ity, so that interference optical discoloration feature may
be formed at the second area.
[0045] Specifically, a material of the absorption layer
51 includes at least one of nickel, chromium, aluminum,
silver, copper, tin and titanium. A material of the absorp-
tion layer 51 may include one of nickel, chromium, alu-
minum, silver, copper, tin and titanium, or a mixture of
nickel, chromium, aluminum, silver, copper, tin and tita-
nium.
[0046] Specifically, a material of the dielectric layer 52
includes at least one of magnesium fluoride, silicon di-
oxide, zinc sulfide, titanium nitride, titanium dioxide, tita-
nium monoxide, titanium trioxide, trititanium pentoxide,
tantalum pentoxide, niobium pentoxide, cerium dioxide,
bismuth trioxide, dichromium trioxide, iron oxide, hafnium
dioxide or zinc oxide. A material of the dielectric layer 52
may be one of magnesium fluoride, silicon dioxide, zinc
sulfide, titanium nitride, titanium dioxide, titanium mon-
oxide, dititanium trioxide, trititanium pentoxide, tantalum
pentoxide, niobium pentoxide, cerium dioxide, bismuth
trioxide, dichromium trioxide, iron oxide, hafnium dioxide
or zinc oxide, or may be formed by mixing magnesium
fluoride, silicon dioxide, zinc sulfide, titanium nitride, tita-
nium dioxide, titanium monoxide, dititanium trioxide, tri-
titanium pentoxide, tantalum pentoxide, niobium pentox-
ide, cerium dioxide, bismuth trioxide, dichromium triox-
ide, iron oxide, hafnium dioxide or zinc oxide.
[0047] Specifically, a material of the reflection layer 53
includes at least one of aluminum, silver, tin, nickel and
titanium. A material of the reflection layer 53 may be one
of aluminum, silver, tin, nickel and titanium, and also may
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be formed by mixing aluminum, silver, tin, nickel and ti-
tanium.
[0048] Specifically, the metal layer 40 includes at least
one of aluminum, silver, tin, nickel and titanium. A mate-
rial of the metal layer 40 may be one of aluminum, silver,
tin, nickel and titanium, and also may be formed by mixing
aluminum, silver, tin, nickel and titanium, only if the metal
layer 40 has high reflection performance.
[0049] Specifically, the thickness of the metal layer 40
is greater than 10 nm and smaller than or equal to 80
nm. If the thickness of the metal layer 40 is smaller than
10 nm, the thickness of the metal layer 40 is too small,
then it is not easy for uniform application, and meanwhile,
the metal layer 40 is easy to remove. If the thickness of
the metal layer 40 is greater than 80 nm, the thickness
of the metal layer 40 is too large, the firmness with the
micro-structure layer 30 is poor, and the cost is increased.
The thickness of the metal layer 40 is limited within the
range of 10 nm to 80 nm, so that the metal layer 40 is
not easy to remove, and meanwhile, the bonding firm-
ness of the metal layer 40 and the micro-structure layer
30 is ensured.
[0050] Specifically, the specific volume of the first mi-
cro-structure 311 is greater than or equal to 0 and smaller
than or equal to 0.5 um3/um2. If the specific volume of
the first micro-structure 311 is greater than 0.5 um3/um2,
the specific volume of the first micro-structure 311 is too
large, the volume of the first micro-structure 311 at the
same mass is too large, which is not conducive to pro-
ducing the white feature.
[0051] Specifically, the specific volume of the second
micro-structure 321 is greater than 0.4 um3/um2 and
smaller than 2 um3/um2. If the specific volume of the sec-
ond micro-structure 321 is greater than 0.4 um3/um2, the
specific volume of the second micro-structure 321 is too
small, the volume of the second micro-structure 321 at
the same mass is too small, which is not conducive for
the second micro-structure 321 to produce the relief fea-
ture. If the specific volume of the second micro-structure
321 is greater than 2 um3/um2, the volume of the second
micro-structure 321 at the same mass is too large, which
is conducive for the interference optical variable layer 50
to produce an interference optical variable feature. While
when the specific volume of the second micro-structure
321 is controlled to be greater than or equal to 0.4
um3/um2 and smaller than 2 um3/um2, the second area
32 may produce a good interference optical variable fea-
ture.
[0052] Specifically, all the first micro-structures 311 are
achromatic white micro-structures. By disposing the first
micro-structures 311 as the achromatic white micro-
structures, light of a specific color may be eliminated, so
that the first area 31 shows a white feature.
[0053] Specifically, at least two of the plurality of ach-
romatic white micro-structures are different in size, at
least two of the plurality of achromatic white micro-struc-
tures are different in height, and the achromatic white
micro-structure is a projection or a groove. Thus, the de-

gree of freedom in designing the first micro-structure 311
in the first area 31 is relatively high, which is conductive
to manufacturing of the first micro-structure 311.
[0054] Specifically, the length of the achromatic white
micro-structure is greater than 1 um and smaller than 10
um. If the length of the achromatic white micro-structure
is smaller than 1 um, the length of the achromatic white
micro-structure is too small, which is conductive to man-
ufacturing of the achromatic white micro-structure. If the
length of the achromatic white micro-structure is greater
than 10 um, the length of the achromatic white micro-
structure is too large, and the achromatic effect is poor.
When the length of the achromatic white micro-structure
is limited within the range of 1 um to 10 um, while the
achromatic effect of the achromatic white micro-structure
is guaranteed, the manufacturing of the achromatic white
micro-structure is also facilitated.
[0055] Specifically, the depth of the achromatic white
micro-structure is greater than 0.1 um and smaller than
5 um. If the depth of the achromatic white micro-structure
is smaller than 0.1 um, the height of the achromatic white
micro-structure is too small, which is conductive to man-
ufacturing of the achromatic white micro-structure. If the
depth of the achromatic white micro-structure is greater
than 5 um, the height of the achromatic white micro-struc-
ture is too large, which is not conductive to miniaturiza-
tion, lightness and thinness of the optical anti-counter-
feiting element. When the depth of the achromatic white
micro-structure is limited within the range of 0.1 um to 5
um, while the manufacturing of the achromatic white mi-
cro-structure is facilitated, lightness and thinness of the
optical anti-counterfeiting element is guaranteed.
[0056] Specifically, the achromatic white micro-struc-
ture is a micro reflector, and the length of the micro re-
flector is greater than or equal to 5 um and smaller than
10 um. By disposing the achromatic white micro-structure
as a micro reflector, a reflection feature for light may be
achieved, meanwhile, its intrinsic feature may eliminate
light with a specific color, and finally, a while feature is
shown.
[0057] Specifically, the depth of the micro reflector is
greater than 1 um and smaller than or equal to 4 um.
[0058] Alternatively, the plurality of second micro-
structures 321 are periodically arranged, that is, the plu-
rality of second micro-structures 321 may be arranged
in a preset period, such as in a matrix.
[0059] Of course, the plurality of second micro-struc-
tures 321 may also be arranged in a non-periodic man-
ner, and the plurality of second micro-structures 321 are
arranged in a non-periodic manner. That is, the plurality
of second micro-structures 321 may be arranged ran-
domly without a rule.
[0060] Specifically, the section structure of the second
micro-structure 321 along the extension direction is at
least one of a flat structure, a sinusoidal structure, a rec-
tangular grating structure, a trapezoidal grating structure,
a blazed grating structure and an arc-shaped grating
structure. The second micro-structure 321 may be one
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of a flat structure, a sinusoidal structure, a rectangular
grating structure, a trapezoidal grating structure, a blazed
grating structure and an arc-shaped grating structure,
and also may be formed by several of them.
[0061] An anti-counterfeiting product includes the op-
tical anti-counterfeiting element described above. The
anti-counterfeiting product with the optical anti-counter-
feiting element described above has the advantages of
high anti-counterfeiting performance and difficulty in im-
itating.
[0062] Specifically, the anti-counterfeiting product fur-
ther includes a carrier, the optical anti-counterfeiting el-
ement is disposed on the carrier, and at least part of the
surface, bearing the optical anti-counterfeiting element,
of the carrier is white. By applying the optical anti-coun-
terfeiting element on the carrier with the white surface,
the anti-counterfeiting product has extremely strong vis-
ual feature and anti-counterfeiting performance.
[0063] According to still another embodiment of the
present invention, a manufacturing method of an optical
anti-counterfeiting element is provided, and the optical
anti-counterfeiting element described above is manufac-
tured by the manufacturing method of the optical anti-
counterfeiting element. The manufacturing method of the
optical anti-counterfeiting element includes: S10: a mi-
cro-structure layer 30 having a first area 31 and a second
area 32 is formed on the surface of a substrate layer 10,
a first micro-structure 311 is formed on the first area 31,
and a second micro-structure 321 with specific volume
greater than that of the first micro-structure 311 is formed
on the second area 32; S20: a meal layer 40 is formed
on the surface, away from the substrate layer 10, of the
micro-structure layer 30; S30: a protective layer 60 for
protecting the first area 31 is formed on the surface, away
from the micro-structure layer 30, of the metal layer 40;
S40: the metal layer 40 at the second area 32 is removed;
and S50: an interference optical variable layer 50 is
formed on the surface of one side away from the sub-
strate layer 10, so as to form the optical anti-counterfeit-
ing element.
[0064] S10: an optical layer 20 having a first area 31
and a second area 32 is formed on the surface of the
substrate layer 10; and the specific volume of the second
micro-structure 321 is greater than that of the first micro-
structure 311, and the first micro-structure 311 is a chro-
matic white micro-structure.
[0065] The substrate layer 10 may be at least partially
transparent, may also be a colored dielectric layer, may
be a transparent medium film with a functional coating
on the surface, and may also be a multi-layer film formed
by compounding. The substrate layer 10 is generally
formed by a film material having good physical and chem-
ical resistance and high mechanical strength, for exam-
ple, a plastic film such as a polyethylene terephthalate
(PET) film, a polyethylene naphthalate (PEN) film, or a
polypropylene (PP) film may be used to form the sub-
strate layer 10, and the substrate layer 10 is preferably
formed by the PET material. A bonding enhancement

layer may be included on the substrate layer 10 to en-
hance bonding of the substrate layer 10 to the optical
layer 20. A release layer may also be included on the
substrate layer 10 to achieve separation of the substrate
layer 10 from the optical layer 20 of the final product.
[0066] The micro-structure layer 30 may be formed by
performing batch copying through processing modes
such as ultraviolet casting, mould pressing and nano-
imprinting. For example, the micro-structure layer 30 may
be formed by thermoplastic resin through the mould
pressing process, that is, the thermoplastic resin coated
on the substrate layer 10 in advance is heated to be sof-
tened and deformed when passing through a high-tem-
perature metal template, so that a specific optical micro-
structure is formed, and then cooling and molding are
performed. The micro-structure layer 30 may also be
formed by a radiation curing casting process, namely, a
radiation curing resin is applied to the substrate layer 10,
an original template is pushed thereon, meanwhile, irri-
tating of radioactive rays such as ultraviolet rays or elec-
tron beams is carried out, so that the material is cured,
and then the original template is removed to form the
micro-structure layer 30.
[0067] The specific volume of the second micro-struc-
ture is greater than that of the first micro-structure for the
need for subsequent removal. Preferably, the specific
volume of the first micro-structure is greater than or equal
to 0 um3/um2 and smaller than 0.5 um3/um2, and the
specific volume of the second micro-structure is greater
than 0.4 um3/um2 and smaller than 2 um3/um2.
[0068] The morphology of the achromatic white micro-
structure is generally random arrangement of projections
and/or grooves of different depths and sizes, the trans-
verse feature size is generally greater than 1 um and
smaller than 10 um, and the depth feature size is gener-
ally greater than 0.1 um and smaller than 5 um. For ex-
ample, it may be formed by a micro reflector with the
transverse size of 5-10 um and the depth of 1-4 um.
[0069] The specific morphology of the second micro-
structure is set as desired. For example, a pentagram
with relief feature as shown in Fig. 1 is formed, and its
section may be of a blazed grating structure with the width
of 5-10 um and depth of 1-2 um.
[0070] S20: a meal layer 40 is formed on the surface,
away from the substrate layer 10, of the micro-structure
layer 30.
[0071] The effect of the metal layer 40 is to enable the
achromatic white micro-structure to show a relatively high
degree of whiteness. The material of the metal layer 40
is required to have high reflectivity feature, and may be
one or more of aluminum, silver, tin, and titanium. Alu-
minum is preferred because of its low cost and its ease
of reaction with acids or bases to be locally removed. In
the embodiment, aluminum is selected as the metal layer
40. The thickness of the metal layer 40 is generally great-
er than 10 nm and smaller than 80 nm, preferably greater
than 20 nm and smaller than 50 nm. If the metal layer is
too thin, the brightness is insufficient; and if the metal
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layer 40 is too thick, the fastness to the optical micro-
structure layer is poor, and the cost also increases.
[0072] The metal layer 40 may generally be formed on
the optical micro-structure layer by physical and/or chem-
ical vapor deposition methods, for example, including,
but not limited to, thermal evaporation, magnetron sput-
tering, MOCVD, etc. Preferably, the metal layer 40 is
formed on the optical micro-structure layer in a conformal
coverage manner with uniform surface density.
[0073] S30: a protective layer 60 for protecting the first
area 31 is formed on the surface, away from the micro-
structure layer 30, of the metal layer 40.
[0074] The amount of the protective layer 60 is required
to be such that the minimum thickness on the first micro-
structure 311 is significantly greater than that on the sec-
ond micro-structure 321. The minimum thickness of the
protective layer 60 on the first micro-structure 311 is gen-
erally located at the very top of the second micro-struc-
ture 321. Thus, the protective layer 60 provides signifi-
cantly greater protection to the metal layer 40 of the first
area 31 than to the metal layer 40 of the second area 32.
It is generally required that the coating amount per unit
area of the protective layer 60 is greater than 0.1 g/m2
and smaller than 0.6 g/m2. The smaller the viscosity be-
fore application of the protective layer 60, the more ad-
vantageous the leveling, and therefore, the viscosity of
protective glue is generally smaller than 100 cP, prefer-
ably smaller than 50 cP. The component of the protective
layer 60 may be varnish or ink containing polyester, poly-
urethane, acrylic resin, or a combination thereof as a
main resin.
[0075] S40: the metal layer 40 at the second area 32
is removed.
[0076] The protective layer 60 provides significantly
greater protection to the metal layer 40 of the first area
31 than to the metal layer 40 of the second area 32.
Therefore, in a certain period of time, the corrosive at-
mosphere may reach and corrode the metal layer 40 of
the second area 32 through weak points of the protective
layer 60 of the second area 32; and in the time, the pro-
tective layer 60 effectively protects the metal layer 40 of
the first area 31. In this way, the metal layer 40 accurately
located on the first area 31 is obtained. In the embodi-
ment, the metal layer 40 is aluminum, and then the cor-
rosive atmosphere may be acid liquor or alkali liquor.
Generally, after the metal layer 40 on the second area
32 is corroded, the protective layer 60 on the plating layer
also floats. Sometimes, after the metal layer 40 on the
second area 32 is corroded, the protective layer 60 may
partially or even completely remain on the micro-struc-
ture layer 30, which does not affect the implementation
of subsequent processes.
[0077] S50: an interference optical variable layer 50 is
formed on the surface of one side away from the sub-
strate layer 10, so as to form the optical anti-counterfeit-
ing element.
[0078] In the embodiment, the interference optical var-
iable layer 50 generally consists of an absorption layer

51, a dielectric layer 52 and a reflection layer 53. Ob-
served from one side of the absorption layer 51, the in-
terference optical variable layer 50 shows different color
features, and therefore, the order of formation of the in-
terference optical variable layer 50 is generally the ab-
sorption layer 51, the dielectric layer 52 and the reflection
layer 53. The reflection layer 53 is generally a thicker
metal material with good reflection performance, show-
ing non-transparent or substantially non-transparent fea-
ture in perspective observation; the dielectric layer 52 is
generally a completely transparent or substantially com-
pletely transparent compound material; and the absorp-
tion layer 51 is generally a thinner metal material, which
shows semi-transparent feature during light transmis-
sion. The reflection layer 53 may be made of aluminum,
silver, copper, tin, chromium, nickel, titanium, or alloy
thereof, and is preferably aluminum because aluminum
is relatively low in cost and easy to remove by acid liquor
or alkali liquor; the dielectric layer 52 may be composed
of MgF2, SiO2, ZnS, TiN, TiO2, TiO, Ti2O3, Ti3O5, Ta2O5,
Nb2O5, CeO2, Bi2O3, Cr2O3, Fe2O3, HfO2 or ZnO; and
the absorption layer 51 may be composed of nickel, chro-
mium, aluminum, silver, copper, tin, titanium or alloy
thereof, and preferably nickel and chromium. The thick-
ness of the reflection layer 53 is generally selected from
10 nm to 80 nm, preferably 20 nm to 50 nm. The thickness
of the absorption layer 51 is generally 3-10 nm. The thick-
ness of the dielectric layer 52 is determined by the desired
optically variable colors, and is generally 200-600 nm.
[0079] At this point, a semi-finished optical anti-coun-
terfeiting element with the first micro-structure area
showing the optical features of the metal layer 40 and
the second area 32 showing the optical features of the
second plating layer is obtained.
[0080] S50: other functional coatings 70 are applied,
such as anti-aging glue, to protect the optical plating lay-
er, and/or hot melt glue, to play the role of bonding with
other substrate layers 10.

Embodiment 2

[0081] The difference from Embodiment 1 is that the
specific structure of the first area 31 is different.
[0082] As shown in Fig. 3, the first area 31 includes a
first sub-area 312 and a second sub-area 313, the first
sub-area 312 is continuously disposed around the pe-
riphery of the second area 32, and the first micro-struc-
ture 311 in the first sub-area 312 is an achromatic white
micro-structure; and the second sub-area 313 is contin-
uously disposed around the periphery of the first sub-
area 312, and the first micro-structure 311 in the second
sub-area 313 is a non-achromatic white micro-structure.
[0083] The second sub-area 313 has a rainbow holo-
graphic feature, and the second area 32 is a pentagram
area, which has a relief feature and a discoloration fea-
ture changing with inclination change. The discoloration
area is heavily coincident with the pentagram area with
the relief feature. The first sub-area 312 is disposed
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around the edge of the pentagram, and the line width of
the first sub-area 312 is strictly equal at each position.
Lines of the first sub-area 312 may be very fine, for ex-
ample, smaller than 20 um. If the optical anti-counterfeit-
ing element is pasted on a white protected product, the
pentagram is extremely eye-catching, coupled with its
relief sense and discoloration effect, so the product has
excellent anti-counterfeiting performance. In addition,
the rainbow holographic effect of the second sub-area
313 also further enhances the visual effect and anti-coun-
terfeiting performance.
[0084] Of course, the second area 32 may also be of
other shapes.
[0085] Alternatively, the plurality of non-achromatic
white micro-structures are periodically arranged; or the
non-achromatic white micro-structures may be arranged
in a period, such as in a matrix.
[0086] Of course, the plurality of non-achromatic white
micro-structures are arranged in a non-periodic manner,
that is, the plurality of non-achromatic white micro-struc-
tures are arranged randomly.
[0087] Alternatively, the section structure of the non-
achromatic white micro-structure along the extension di-
rection is at least one of a flat structure, a sinusoidal struc-
ture, a rectangular grating structure, a trapezoidal grating
structure, a blazed grating structure and an arc-shaped
grating structure.
[0088] Fig. 4 illustrates a possible structure diagram of
a sectional view of an illustrative optical anti-counterfeit-
ing element shown in Fig. 3 along X-X. The optical anti-
counterfeiting element includes a substrate layer 10, a
micro-structure layer 30, a metal layer 40, a protective
layer 60, an interference optical variable layer 50 and
other functional coatings 70. The substrate layer 10 and
the micro-structure layer 30 generally consist of a trans-
parent material. The micro-structure layer 30 includes a
first area 31 and a second area 32, and the specific vol-
ume of the second micro-structure 321 is greater than
that of the first micro-structure 311. In the embodiment,
the first area 31 includes a first sub-area 312 with ach-
romatic white micro-structures and a second sub-area
313 with rainbow holographic micro-structures. The met-
al layer 40 is disposed on the first area 31, and the inter-
ference optical variable layer 50 is disposed on the sec-
ond area 32. Observed from the side of the substrate
layer 10 of the optical anti-counterfeiting element, name-
ly, the lower side, the first sub-area 312 of the first area
31 shows the white feature outwards, and the second
sub-area 313 shows the rainbow holographic feature out-
wards. The second area 32 shows the image formed by
the second micro-structure 321 and a discoloration fea-
ture changing with inclination change. The interference
optical variable layer 50 may be disposed full-width but
does not exhibit visual features due to shielding by the
metal layer 40 in the first area 31. The metal layer 40 is
adjacent to the protective layer 60. The protective layer
60 is a natural product in the manufacturing process and
generally does not provide additional optical effects. Oth-

er functional coatings 70 may be provided as desired,
such as a bonding layer that bonds to a protected main
product.
[0089] The foregoing is merely preferred embodiments
of the present invention and is not intended to limit the
present invention, and various modifications and varia-
tions of the present invention may be available for those
skilled in the art. Any modifications, equivalent replace-
ments, improvements and the like made within the spirit
and principle of the present invention shall fall within the
scope of protection of the present invention.

Claims

1. An optical anti-counterfeiting element, comprising a
substrate layer (10) and an optical layer (20), the
optical layer (20) is disposed on one side of the sub-
strate layer (10) and connected with the substrate
layer (10), the optical layer (20) comprises a micro-
structure layer (30), and the micro-structure layer
(30) comprises:

a first area (31), the first area (31) has a plurality
of first micro-structures (311);
a second area (32), the second area (32) has a
plurality of second micro-structures (321),
when observed from one side of the optical anti-
counterfeiting element, the first area (31) has a
white feature, the second area (32) has an in-
terference optical discoloration feature, and the
specific volume of the second micro-structure
(321) is greater than that of the first micro-struc-
ture (311).

2. The optical anti-counterfeiting element as claimed in
claim 1, wherein the optical layer (20) further com-
prises:

a metal layer (40), and the metal layer (40) is
connected with one side, away from the sub-
strate layer (10), of the first area (31);
an interference optical variable layer (50), and
the interference optical variable layer (50) is con-
nected with at least one side, away from the sub-
strate layer (10), of the second area (32).

3. The optical anti-counterfeiting element as claimed in
claim 2, wherein the optical layer (20) further com-
prises a protective layer (60), and the protective layer
(60) is connected with one side, away from the sub-
strate layer (10), of the metal layer (40).

4. The optical anti-counterfeiting element as claimed in
claim 3, wherein the interference optical variable lay-
er (50) is connected with the side, away from the
metal layer (40), of the protective layer (60).
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5. The optical anti-counterfeiting element as claimed in
claim 2, wherein the interference optical variable lay-
er (50) comprises an absorption layer (51), a dielec-
tric layer (52) and a reflection layer (53) which are
stacked in sequence, and the absorption layer (51)
is connected with at least one side, away from the
substrate layer (10), of the second area (32).

6. The optical anti-counterfeiting element as claimed in
claim 5, wherein

a material of the absorption layer (51) comprises
at least one of nickel, chromium, aluminum, sil-
ver, copper, tin and titanium; and/or
a material of the dielectric layer (52) comprises
at least one of magnesium fluoride, silicon diox-
ide, zinc sulfide, titanium nitride, titanium diox-
ide, titanium monoxide, titanium trioxide, tritita-
nium pentoxide, tantalum pentoxide, niobium
pentoxide, cerium dioxide, bismuth trioxide, di-
chromium trioxide, iron oxide, hafnium dioxide
or zinc oxide; and/or
a material of the reflection layer (53) comprises
at least one of aluminum, silver, tin, nickel and
titanium.

7. The optical anti-counterfeiting element as claimed in
claim 2, wherein
the metal layer (40) comprises at least one of alumi-
num, silver, tin, nickel and titanium; and/or the thick-
ness of the metal layer (40) is greater than 10 nm
and smaller than or equal to 80 nm.

8. The optical anti-counterfeiting element as claimed in
claim 1, wherein

the specific volume of the first micro-structure
(311) is greater than or equal to 0 and smaller
than or equal to 0.5 um3/um2; and/or
the specific volume of the second micro-struc-
ture (321) is greater than 0.4 um3/um2 and small-
er than 2 um3/um2.

9. The optical anti-counterfeiting element as claimed in
any of claims 1-8, wherein all the first micro-struc-
tures (311) are achromatic white micro-structures.

10. The optical anti-counterfeiting element as claimed in
claim 9, wherein at least two of the plurality of ach-
romatic white micro-structures are different in size,
at least two of the plurality of achromatic white micro-
structures are different in height, and the achromatic
white micro-structure is a projection or a groove.

11. The optical anti-counterfeiting element as claimed in
claim 9, wherein

the length of the achromatic white micro-struc-

ture is greater than 1 um and smaller than 10
um; and/or
the depth of the achromatic white micro-struc-
ture is greater than 0.1 um and smaller than 5
um.

12. The optical anti-counterfeiting element as claimed in
claim 9, wherein the achromatic white micro-struc-
ture is a micro reflector,

the length of the micro reflector is greater than
or equal to 5 um and smaller than or equal to 10
um; and/or
the depth of the micro reflector is greater than 1
um and smaller than or equal to 4 um.

13. The optical anti-counterfeiting element as claimed in
any of claims 1-8, wherein the first area (31) com-
prises:

a first sub-area (312), the first sub-area (312) is
continuously disposed around the periphery of
the second area (32), and the first micro-struc-
ture (311) in the first sub-area (312) is an ach-
romatic white micro-structure;
a second sub-area (313), the second sub-area
(313) is continuously disposed around the pe-
riphery of the first sub-area (312), and the first
micro-structure (311) in the second sub-area
(313) is a non-achromatic white micro-structure.

14. The optical anti-counterfeiting element as claimed in
claim 13, wherein

the plurality of non-achromatic white micro-
structures are periodically arranged; or
the plurality of non-achromatic white micro-
structures are arranged in a non-periodic man-
ner.

15. The optical anti-counterfeiting element as claimed in
claim 13, wherein the section structure of the non-
achromatic white micro-structure along the exten-
sion direction is at least one of a flat structure, a
sinusoidal structure, a rectangular grating structure,
a trapezoidal grating structure, a blazed grating
structure and an arc-shaped grating structure.

16. The optical anti-counterfeiting element as claimed in
any of claims 1-8, wherein

the plurality of second micro-structures (321)
are periodically arranged; or
the plurality of second micro-structures (321)
are arranged in a non-periodic manner.

17. The optical anti-counterfeiting element as claimed in
any of claims 1-8, wherein the section structure of
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the second micro-structure (321) along the exten-
sion direction is at least one of a flat structure, a
sinusoidal structure, a rectangular grating structure,
a trapezoidal grating structure, a blazed grating
structure and an arc-shaped grating structure.

18. An anti-counterfeiting product, comprising the opti-
cal anti-counterfeiting element as claimed in any one
of claims 1-17.

19. The anti-counterfeiting product as claimed in claim
18, wherein the anti-counterfeiting product further
comprises a carrier, the optical anti-counterfeiting el-
ement is disposed on the carrier, and at least part of
the surface, bearing the optical anti-counterfeiting
element, of the carrier is white.

20. A manufacturing method of an optical anti-counter-
feiting element, wherein the optical anti-counterfeit-
ing element as claimed in any of claims 1-17 is man-
ufactured by adopting the manufacturing method of
the optical anti-counterfeiting element, and the man-
ufacturing method of the optical anti-counterfeiting
element comprises:

S10: forming a micro-structure layer (30) having
a first area (31) and a second area (32) on the
surface of a substrate layer (10), forming a first
micro-structure (311) on the first area (31), and
forming a second micro-structure (321) with
specific volume greater than that of the first mi-
cro-structure (311) on the second area (32);
S20: forming a meal layer (40) on the surface,
away from the substrate layer (10), of the micro-
structure layer (30);
S30: forming a protective layer (60) for protect-
ing the first area (31) on the surface, away from
the micro-structure layer (30), of the metal layer
(40);
S40: removing the metal layer (40) at the second
area (32);
S50: forming an interference optical variable lay-
er (50) on the surface of one side away from the
substrate layer (10), so as to form the optical
anti-counterfeiting element.

19 20 



EP 4 431 305 A1

12



EP 4 431 305 A1

13



EP 4 431 305 A1

14

5

10

15

20

25

30

35

40

45

50

55



EP 4 431 305 A1

15

5

10

15

20

25

30

35

40

45

50

55



EP 4 431 305 A1

16

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• CN 202111335319 [0001]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

