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(54) A method for making a latent image on a document substrate and a document substrate with 
a latent image

(57) A method for making a latent image (110) on a
document substrate (100), comprising raised elements
(120) forming image fragments (111,112) of variable vis-
ibility dependent on the viewing angle, wherein the meth-
od comprises the steps of providing a laser-engravable

document substrate (100), and subjecting the document
substrate (100) to a laser beam to engrave the raised
elements (120).
A document substrate (100) with a latent image, a secu-
rity document comprising said document substrate, and
a method for making said security document.
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Description

[0001] The present invention relates to a method for
securing documents by making a latent image on the
document substrate, as well as to a document substrate
secured with a latent image.
[0002] A latent image is a popular first level security
feature, allowing verification of a document by a naked
eye, without the need to use additional devices. A latent
image comprises raised elements forming image frag-
ments of variable visibility dependent on the viewing an-
gle. Usually, raised elements having a form of parallel
lines are used, which when viewed in parallel to the di-
rection of the lines create an impression of a light image,
whereas when viewed perpendicularly to the direction of
the lines create an impression of a dark image. A US
patent US5,722,693 describes a method for making a
security document, wherein a first and second set of lines
is printed on a substrate, and next a third set of lines,
comprising lines raised with respect to the printing area,
is printed.
[0003] A US patent US6,296,281 presents a latent im-
age structure, comprising raised elements having a form
of line fragments.
[0004] The known methods for making raised ele-
ments which form the latent image comprise hot stamp-
ing or intaglio print. These techniques involve large en-
ergy consumption and long application time. Due to the
required use of printing plates, these techniques are im-
practical for making small number of documents, nor for
latent images individualized for each document.
[0005] Other methods for making raised elements of
documents are also known. For example, application of
the laser-engraved or mechanically-engraved plates
while lamination.
[0006] The object of the present invention is to provide
a method for making a latent image, which allows quicker
and less costly making of latent image, both for small and
large number of documents.
[0007] The object of the invention is a method for mak-
ing a latent image on a document substrate, comprising
raised elements forming image fragments of variable vis-
ibility dependent on the viewing angle, wherein the meth-
od comprises the steps of providing a laser-engravable
document substrate, and subjecting the document sub-
strate to a laser beam to engrave the raised elements .
[0008] Preferably, the document substrate is subject-
ed to the laser beam in at least two runs, wherein for
each run a different energy density of the laser beam is
used and a different component image is engraved.
[0009] Preferably, the energy density of the laser beam
is increased for consecutive runs.
[0010] Preferably, in at least one run, a component im-
age is engraved comprising elements forming compo-
nent image fragments visible from the above.
[0011] Preferably, in at least two runs, component im-
ages are engraved comprising raised elements forming
component image fragments of variable visibility.

[0012] Preferably, in at least one run, a component im-
age is engraved comprising flat elements forming com-
ponent image fragments visible from the above, and
raised elements forming component image fragments
visible by viewing at a particular angle.
[0013] Preferably, in at least one run, all the raised
elements are engraved with the same energy density of
the laser beam.
[0014] Another object of the present invention is a doc-
ument substrate comprising a latent image comprising
raised elements forming image fragments of variable vis-
ibility dependent on the viewing angle, wherein the doc-
ument substrate is a laser-engravable substrate and the
raised elements are engraved by subjecting the docu-
ment substrate to a laser beam.
[0015] Preferably, the latent image comprises at least
two overlaid component images, engraved by using a
different energy density of the laser beam for each com-
ponent image.
[0016] Preferably, at least one component image com-
prises elements forming component image fragments
visible from the above.
[0017] Preferably, the component image fragments
visible from the above comprise letters, numbers, graphic
symbols, vector graphic, raster graphic and/or uniform
background.
[0018] Preferably, at least two component images
comprise raised elements forming component image
fragments of variable visibility.
[0019] Preferably, at least one component image com-
prises flat elements forming component image fragments
visible from the above and raised elements forming com-
ponent image fragments of variable visibility.
[0020] Another object of the invention is a security doc-
ument comprising the document substrate according to
the invention.
[0021] A further object of the invention is a method for
making a security document, characterized in that at least
part of the security document is made on a document
substrate according to the invention.
[0022] The object of the invention is shown by way of
exemplary embodiments on a drawing, in which:

Fig. 1 shows a cross-section of a document substrate
with a latent image according to the invention;
Figs. 2-6 show embodiments of a document sub-
strate according to the invention, comprising a plu-
rality of component images.

[0023] The document substrate according to the inven-
tion is a substrate susceptible to laser engraving. The
substrate may be made of plastics, such as polycar-
bonate, poly(ethylene terephthalate), poly(vinyl chloride)
or composite of polycarbonate and copolymer of poly
(ethylene terephthalate) and ethylene glycol (PEC). It
may be also a paper substrate, comprising an additive
allowing laser engraving. Furthermore, the substrate
may be a composite substrate, for example a laminate
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of paper and polycarbonate foil or a laminate of paper
and PEC foil. Due to a high energy of a laser beam, at
the intersection of the laser beam and the laser-engrav-
able substrate, the substrate is decomposed and its vol-
ume increases, which results in creation of local raisings.
Preferably, the laser-engravable surface is also subject
to carbonization, which results in darkening or a change
to a different shade, characteristic for a particular sub-
strate, for example a shade of sepia. The level of raising
and darkening of the substrate depends on the parame-
ters of laser operation: the beam energy density, the
pulse frequency, the pulse duration and the beam move-
ment speed across the engraved surface.
[0024] ln the method according to the invention, the
laser-engravable substrate is subject to a laser beam to
engrave raised elements, creating image fragments of
variable visibility, dependent on the viewing angle. There-
fore, a latent image is formed on the substrate.
[0025] Preferably, for engraving latent images a solid-
state laser (e.g. Nd:YAG or Nd-YV04) or different laser
is used. Preferably, the laser impulse duration is set to
15ns, the pulse frequency is set to 3000 Hz, the beam
movement speed across the surface is set to 160 mm/s
and the laser beam energy density is set in the range
from 5*1013 W/m2 to 2*1014 W/m2.
[0026] Fig. 1 shows, not in scale in order to increase
visibility, an exemplary document substrate 100 with a
latent image 110, comprising raised elements 120, in the
present embodiment having the form of lines, creating
image fragments 111, 112 of variable visibility, depend-
ent on the viewing angle. Looking at the image from the
bottom right, a dark fragment 111 is visible, comprising
letters PL, on a light background formed by the fragment
112, whereas looking at the image from the bottom left,
a light fragment 111 is visible on a dark background
formed by the fragment 112.
[0027] The image 110 may be made in a single laser
run, wherein the raised elements 120 are engraved with
a high energy density laser beam, whereas the areas
between the raised elements are engraved by a low en-
ergy density laser beam. Therefore, a high relief is ob-
tained and a high darkening of raised elements and a
low relief (or no relief at all) and low darkening of the
areas between the raised elements.
[0028] Latent images having complicated structure
can be difficult to make using a laser engraving devices
having a limited potential to change the laser beam pa-
rameters during operation. In order to solve this problem,
the preferred embodiments of the invention present a
method for making a latent image by subjecting the doc-
ument substrate to a laser beam in a plurality of runs,
wherein for each run a different laser beam energy den-
sity is used and a different component image is engraved.
[0029] Fig. 2 presents an embodiment, wherein the fi-
nal image is made by engraving on a PEC substrate con-
secutively two component images 210 and 220. The
component image 210 which is engraved first is made
using a laser beam having energy density for example

of 5,1*1013 W/m2, which is lower than the energy density
of the laser beam used to engrave the second component
image 220, for example 5,8*1013 W/m2. The other pa-
rameters of the laser beam, in particular the impulse du-
ration, the impulse frequency or the beam speed across
the surface remain identical for engraving both compo-
nent images. The first component image 210 comprises
flat elements forming component image elements visible
directly from the above, for example a dense grid forming
the background of the final image. The second compo-
nent image 220 comprises raised elements forming com-
ponent image fragments of variable visibility, dependent
on the viewing angle, namely a fragment comprising let-
ters PL and the remaining fragment, constituting the
background of the letters. For example, looking at the
image from the bottom right, a dark "PL" sign will be vis-
ible on a light background, whereas looking at the image
from bottom right a light "PL" sign will be visible on a dark
background. In turn, looking at the image directly from
the above, a dark rectangle will be visible.
[0030] Fig. 3 presents another embodiment, wherein
the final image is made by engraving on a laminate of
paper and polycarbonate foil consecutively a first com-
ponent image 310, by using a laser beam having energy
density for example of 3,3*1013 W/m2, and a second com-
ponent image 320, using a laser beam having energy
density of for example 6,5*1013 W/m2. The first compo-
nent image 310 comprises a flat uniform background,
constituting component image fragment of constant vis-
ibility, with a cut-out in shape of "X", whereas the letter
X is formed by raised elements in form of lines, consti-
tuting component image fragment of variable visibility.
The second component image 320 comprises raised el-
ements forming image fragments of variable visibility,
namely a first fragment constituting a ring and a second
fragment constituting the background of the ring. Looking
at the image from the bottom right, a dark ring is visible
on a light background, looking at the image from the bot-
tom left a light ring and a light letter X are visible on a
dark background, whereas looking at the image directly
from the above, a light letter X is visible on a dark back-
ground.
[0031] Fig. 4 presents yet another embodiment,
wherein the final image is made by engraving on a PEC
substrate consecutively a first component image 410, by
using a laser beam having energy density for example
of 3,6*1013 W/m2, a second component image 420, using
a laser beam having energy density of for example
3,8*1013 W/m2, a third component image 430, using a
laser beam having energy density of for example
6,0*1013 W/m2 and a fourth component image 440, using
a laser beam having energy density of for example
5,4*1013 W/m2. The first component image 410 compris-
es a uniform, non-raised background, due to using a laser
beam having energy density, which causes only little
darkening of the document substrate, for example to a
light-grey color. The second component image 420 com-
prises uniform non-raised background in a color darker
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than the color of the first component image 410, for ex-
ample in a dark-grey color, wherein empty spaces are
left having the shape of mirrored letters D. The third com-
ponent image 430 comprises raised elements forming
one component image fragment having variable visibility
in the form of an inverted letter D. The fourth component
image 440 comprises raised elements forming one com-
ponent image fragment having variable visibility in the
shape of an ellipse, raised elements forming a back-
ground of the component image of variable visibility, as
well as empty fragment in the shape of an inverted letter
D. Looking at the image from the bottom right, a black
ellipse and a black letter D are visible on a grey back-
ground, looking at the image from the bottom left, a light-
grey ellipse and a light-grey two mirrored letters D are
visible on a black background, whereas looking at the
image from the above, two light-grey letters D are visible
on a dark-grey background. The above description of the
visible features assumes that when viewing the image at
an angle parallel to the raised lines, the flat area between
the raised lines reflects incident light independently of
the darkening level and becomes light. At the same time,
in the area of the image covered by lines perpendicular
to the viewing angle, light is not reflected from the flat
surfaces, therefore the area becomes black.
[0032] Fig. 5 presents another embodiment, wherein
the final image is made by engraving on a PEC substrate
consecutively a first component image 510, by using a
laser beam having energy density for example of
3,6*1013 W/m2, a second component image 520, using
a laser beam having energy density of for example
3,8*1013 W/m2, a third component image 530, using a
laser beam having energy density of for example
6,0*1013 W/m2 and a fourth component image 540, using
a laser beam having energy density of for example
5,4*1013 W/m2. The first component image 510 compris-
es a uniform non-raised background, for example in light-
grey color. The second component image 520 comprises
a uniform non-raised background in a dark grey color,
comprising empty spaces in the shape of digits 8. The
third component image 530 comprises raised elements
forming one component image fragment of variable vis-
ibility in the shape of digits 2345. The fourth component
image 540 comprises raised elements forming a back-
ground, comprising an empty space in the form of digits
2345. Looking at the image from the bottom right, black
digits 2345 are visible on a grey background, looking at
the image from the bottom left, light-grey digits 2345 are
visible on a dark-grey background, whereas looking at
the image from the above, light-grey digits 8 are visible
on a dark-grey background.
[0033] Fig. 6 presents a further embodiment, wherein
the final image is made by engraving on a PC substrate
consecutively a first component image 610, by using a
laser beam having energy density for example of
1,0*1014 W/m2 and a second component image 620, us-
ing a laser beam having energy density of for example
1,45*1014 W/m2. The first component image 610 com-

prises flat elements forming component image fragments
visible from the above, forming for example a dense grid
and a photo of a person. The second component image
620 comprises raised elements forming component im-
age fragments of variable visibility, dependent on the
viewing angle, namely a fragment comprising letters PL
and another fragment, forming the background of the let-
ters. Looking at the image from the bottom right, a dark
sign PL will be visible on a light background, looking at
the image from the bottom left a light sign PL will be visible
on a dark background, whereas looking at the image from
the above, a dark rectangle will be visible and a photo of
the person on the right of the rectangle.
[0034] Laser engraving of the substrate in a plurality
of runs facilitates making complicated latent images by
separating elements of variable relief to individual layers.
Therefore, there is no need to change the energy density
of the laser beam within one layer, or the range of chang-
es may be limited.
[0035] One of the effects which can be obtained by the
method according to the invention is a latent image on a
background with an image comprising letters, digits,
graphical symbols, vector graphics, raster graphics
and/or a uniform background.
[0036] Use of laser engraving eliminates the need to
use printing plates, therefore personalized latent images
can be made, individually for each document. The meth-
od according to the invention can be also employed to
make document substrates which are not personalized,
such as tickets, excise duty stamps, as well as person-
alized, such as identity cards, certificates, permits, com-
munication documents, banking cards or marriage doc-
uments.
[0037] The term "document" as used within the de-
scription and claims is to be understood in its broad
sense, meaning any object carrying information thereon.
Therefore, the term "document" covers also packaging
for articles, made on a laser-engravable substrate, for
example packaging having some information elements,
such as manufacturer’s logo or article’s logo, engraved
by laser such as to obtain a latent image. A packaging
made in this way guarantees the origin of the product to
the user.
[0038] Latent images engraved by laser according to
the invention may be verified by blind and sand-blind per-
sons, which constitutes another useful feature of the in-
vention.

Claims

1. A method for making a latent image (110) on a doc-
ument substrate (100), comprising raised elements
(120) forming image fragments (111, 112) of variable
visibility dependent on the viewing angle, charac-
terized in that the method comprises the steps of
providing a laser-engravable document substrate
(100), and subjecting the document substrate (100)
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to a laser beam to engrave the raised elements (120).

2. The method of claim 1, comprising the steps of sub-
jecting the document substrate (100) to the laser
beam in at least two runs, wherein for each run a
different energy density of the laser beam is used
and a different component image (210, 220, 310,
320, 410, 420, 430, 440, 510, 520, 530, 540, 610,
620) is engraved.

3. The method of claim 2, comprising the step of in-
creasing the energy density of the laser beam for
consecutive runs.

4. The method of claim 2, comprising the step of, in at
least one run, engraving a component image (210,
310, 410, 420, 510, 520, 610) comprising elements
forming component image fragments visible from the
above.

5. The method of claim 2, comprising the steps of, in
at least two runs, engraving component images (430,
440, 530, 540) comprising raised elements forming
component image fragments of variable visibility.

6. The method of claim 2, comprising the step of, in at
least one run, engraving a component image (110)
comprising flat elements forming component image
fragments visible from the above, and raised ele-
ments forming component image fragments visible
by viewing at a particular angle.

7. The method of claim 2, comprising the step of, in at
least one run, engraving all the raised elements with
the same energy density of the laser beam.

8. A document substrate (100) comprising a latent im-
age (110) comprising raised elements (120) forming
image fragments (111, 112) of variable visibility de-
pendent on the viewing angle, characterized in that
the document substrate (100) is a laser-engravable
substrate and the raised elements (120) are en-
graved by subjecting the document substrate (100)
to a laser beam.

9. The document substrate according to claim 8, char-
acterized in that the latent image (110) comprises
at least two overlaid component images (210, 220,
310, 320, 410, 420, 430, 440, 510, 520, 530, 540,
610, 620), engraved by using a different energy den-
sity of the laser beam for each component image.

10. The document substrate according to claim 9, char-
acterized in that at least one component image
(210, 310, 410, 420, 510, 520, 610) comprises ele-
ments forming component image fragments visible
from the above.

11. The document substrate according to claim 10,
characterized in that the component image (610)
fragments visible from the above comprise letters,
numbers, graphic symbols, vector graphic, raster
graphic and/or uniform background.

12. The document substrate according to claim 9, char-
acterized in that at least two component images
(310, 320, 430, 440, 530, 540) comprise raised ele-
ments forming component image fragments of vari-
able visibility.

13. The document substrate according to claim 9, char-
acterized in that at least one component image
(110) comprises flat elements forming component
image fragments visible from the above and raised
elements forming component image fragments of
variable visibility.

14. A security document comprising the document sub-
strate (100) according to any of claims 8 to 13.

15. A method for making a security document, charac-
terized in that at least part of the security document
is made on a document substrate (100) according
to any of claims 8 to 13.

Amended claims in accordance with Rule 137(2)
EPC.

1. A method for making a latent image (110) on a
document substrate (100), the latent image (110)
comprising raised elements (120) forming image
fragments (111, 112) of variable visibility dependent
on the viewing angle, characterized in that the
method comprises the steps of providing a laser-en-
gravable document substrate (100) susceptible to
change of shade and raising under a laser beam,
and subjecting the document substrate (100) to the
laser beam to engrave the raised elements (120),
each raised element being raised above the non-
engraved substrate (100) and having a shade uni-
formly different than the shade of the non-engraved
substrate (100).

2. The method of claim 1, comprising the steps of
subjecting the document substrate (100) to the laser
beam in at least two runs, wherein for each run a
different energy density of the laser beam is used
and a different component image (210, 220, 310,
320, 410, 420, 430, 440, 510, 520, 530, 540, 610,
620) is engraved.

3. The method of claim 2, comprising the step of
increasing the energy density of the laser beam for
consecutive runs.
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4. The method of claim 2, comprising the step of, in
at least one run, engraving a component image (210,
310, 410, 420, 510, 520, 610) comprising elements
forming component image fragments visible from the
above.

5. The method of claim 2, comprising the steps of,
in at least two runs, engraving component images
(430, 440, 530, 540) comprising raised elements
forming component image fragments of variable vis-
ibility.

6. The method of claim 2, comprising the step of, in
at least one run, engraving a component image (110)
comprising flat elements forming component image
fragments visible from the above, and raised ele-
ments forming component image fragments visible
by viewing at a particular angle.

7. The method of claim 2, comprising the step of, in
at least one run, engraving all the raised elements
with the same energy density of the laser beam.

8. A document substrate (100) comprising a latent
image (110) comprising raised elements (120) form-
ing image fragments (111, 112) of variable visibility
dependent on the viewing angle, characterized in
that the document substrate (100) is a laser-engrav-
able substrate susceptible to change of shade and
raising under a laser beam and the raised elements
(120), each being raised above the non-engraved
substrate (100) and having a shade uniformly differ-
ent than the shade of the non-engraved substrate
(100), are engraved by subjecting the document sub-
strate (100) to a laser beam.

9. The document substrate according to claim 8,
characterized in that the latent image (110) com-
prises at least two overlaid component images (210,
220, 310, 320, 410, 420, 430, 440, 510, 520, 530,
540, 610, 620), engraved by using a different energy
density of the laser beam for each component image.

10. The document substrate according to claim 9,
characterized in that at least one component image
(210, 310, 410, 420, 510, 520, 610) comprises ele-
ments forming component image fragments visible
from the above.

11. The document substrate according to claim 10,
characterized in that the component image (610)
fragments visible from the above comprise letters,
numbers, graphic symbols, vector graphic, raster
graphic and/or uniform background.

12. The document substrate according to claim 9,
characterized in that at least two component im-
ages (310, 320, 430, 440, 530, 540) comprise raised

elements forming component image fragments of
variable visibility.

13. The document substrate according to claim 9,
characterized in that at least one component image
(110) comprises flat elements forming component
image fragments visible from the above and raised
elements forming component image fragments of
variable visibility.

14. A security document comprising the document
substrate (100) according to any of claims 8 to 13.

15. A method for making a security document,
characterized in that at least part of the security
document is made on a document substrate (100)
according to any of claims 8 to 13.
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