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MULTI-LAYER BAR CODE ARRANGEMENT USING
WAVELENGTH SEPARATION

BACKGROUND AND SUMMARY OF THE INVENTION

Machine readable bar codes have proliferated into all areas of
business. They are produced with any number of technologies on the
market today such as laser electrophotography, ink jet, thermal
transfer printers, and conventional methods of printing such as
mechanical numbering heads and lithographic printing. Among these
is the Moore MIDAX technology which uses electron beam (or ion
deposition) imaging techniques. Bar codes are commonly scanned by
different methods such as the light wand, page scanners, hand held
scanning beam pistols, and the familiar scanning beam machine
scanners which are found in drug stores and supermarkets.

The vast majority of bar codes are printed as black bars on a
white or lightly colored substrate, or in contrasting color bands as
found on many consumer packages sporting the UPC bar codes in
stores. Scanners of these bar codes work in the visible area of the
electromagnetic spectrum or in the infra-red region. A common
scanner at the check out area is the familiar red glow of the Helium-
Neon laser scanner with a visible wavelength of 632 nM. Other
scanners shoot out light in the invisible infra-red area of the
spectrum between 800 and 950 nM.

Bar codes today are usually one dimensional, such as those
found in the UPC label, code 3 of 9, interleaved code 2 of 5, or code
128. Two dimensional bar codes have also appeared on the market in
the form of Cauzin Soft Strips and the UPS two-dimensional bar
codes. The quest of using a two-dimensional bar codes, and high
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density single bar codes is to attempt to pack the maximum amount
of information into the minimum amount of space on the package or
other printed substrate.

According to the present invention a substrate, a method of
coding a substrate, and a scanner utilizable with such a substrate,
are provided which do maximize the amount of information in the
minimum amount of space on a substrate, being more efficient or
effective than two-dimensional bar codes or high density single bar
codes. Typically, multiple layers of bar codes or other machine
readable codes substantially increase the density of information
gathered by the scanner heads within the same scan pass length or
area coverage.

The invention also has another aspect. According to the
invention it is possible to provide a security feature in which the bar
code is not visible to the human eye but yet can be read bjr a scanner
tuned to the correct wavelength range of electromagnetic energy (e.g.
substantially the infra-red region of light). This security feature is in
contra-distinction to proposals in the prior art, such as in U.S. patent
5,109,153, in which a photo-sensitive material is applied over a bar
code and then -- by selective exposure of the photo-sensitive material
to high intensity light -- the bar code is rendered unreadable, or
modified, so that it is no longer read by a scanner as having the same
data. Utilizing the security device of the invention a seemingly
“invisible” bar code may still readily be scanned by an appropriate
scanner.

According to one aspect of the present invention a substrate
(such as paper, plastic, film, packaging material, or the like) capable
of receiving and retaining imaging thereon is provided. The
substrate comprises: A first machine readable identification code

imaged on a predetermined area of the substrate, the first code
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opaque to a first predetermined wavelength range of electromagnetic
energy and transparent to a second predetermined wavelength range
of electromagnetic energy different from the first range. And, an
overlay imaged over and at least partially covering the first code, the
overlay transparent to the first predetermined wavelength range of
electromagnetic energy and opaque to the second predetermined
wavelength range of electromagnetic energy, different from the first
range.

Typically the second range is substantially the visible spectrum
of light and the first range is substantially the infra-red region of
light, although much narrower spectral bandwidths can be utilized
within a given region of the electromagnetic spectrum, or other
regions of the electromagnetic spectrum (e.g., ultra-violet) can also be
utilized.

For security environments, the overlay may comprisé a
security block which substantially completely covers the first code.
The security block is typically applied by litho or flexographic
techniques, or imaging applied by ink jet, electrophotographic or
electrographic methods, or by electron beam or ion deposition
techniques. The first code as well is normally imaged by ink jet,
electrophotography, electrography, or be electron beam or ion
deposition techniques.

Alternatively, in order to pack the maximum amount of
information into the minimum amount of space, the overlay may
comprise a second machine readable code, the first machine readable
code in this case being transparent to the second predetermined
wavelength range of electromagnetic energy. Third or more machine
readable codes can also be imaged over and cover the first and second
codes, the third code, for example, transparent to the first and second
wavelength ranges and opaque to a third wavelength range, to which

PCT/US95/15872



WO 96/18972 PCT/US95/15872

the first and second codes are transparent. The machine readable
codes are preferably bar codes, and the first, second, third and
subsequent codes typically comprise toner imaged on the substrate
with electron beam or ion deposition techniques, electrophotographic
5 or electrographic methods, or with ink jet. '

According to another aspect of the present invention a method
of coating a substrate comprises the following steps: (a) Imaging a
first machine readable identification code on a predetermined area of
the substrate, the first code opaque to a first predetermined

10 wavelength range of electromagnetic energy and transparent to a
second predetermined wavelength range of electromagnetic energy
different from the first range. And, (b) applying an overlay over and
at least partially covering the first code, the overlay transparent to
the first predetermined wavelength range of electromagnetic energy

15 and opaque to the second predetermined wavelength range of
electromagnetic energy, different from the first range.

Steps (a) and (b) may be practiced so that the second range is
substantially the visible spectrum of light and the first range is
substantially the infra-red region. Step (b) may be practiced to apply

20 a security block as the overlay, substantially completely covering the
first code, by printing using litho or flexo techniques (or by imaging
by electron beam or ion deposition techniques, ink jet,
electrophotographic or electrographic methods).

Alternatively step (b) may be practiced by imaging a second

25 machine readable code, in which case step (a) is further practiced by
imaging the first machine readable code so that it is transparent to
the second range. There may be the further step (c) of imaging at
least a third machine readable code over and at least partially

covering the first and second codes.
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There also may typically be the further step of reading the
machine readable codes. The reading step may be accomplished
using first and second different scanner heads which emit light in the
first and second wavelength ranges, respectively, in two different
passes. Alternatively the reading step may be accomplished by
mounting the first and second different scanner heads together so
that both the first and second codes are scanned in a single pass
(either by moving the scanner with respect to the substrate, or the
substrate with respect to the scanner, or both).

According to yet another aspect of the present invention a
scanner for reading machine readable codes, including by emitting
light, is provided. The scanner comprises: At least first and second
different scanner heads, the first scanner head for emitting light in a
first predetermined wavelength range of electromagnetic energy and
the second scanner head for emitting light in a second predetermined
wavelength range of electromagnetic energy different from the first
range. And, means for mounting the scanner heads immediately
adjacent each other so that by single pass relative movement between
a substrate and the scanner heads two different wavelength range
machine readable codes on the substrate may be read at the same
time.

The mounting means may comprise a portable housing, and
the scanner heads may comprise scanner wands. Alternatively the
mounting means may be a structure for mounting the scanners
together in a stationary manner, such as in a supermarket check out
counter. The second predetermined wavelength range is typically
substantially the visible light spectrum, while the first range is
substantially the infra-red region.

It is the primary object of the present invention to provide an

efficient substrate, method, and scanner that allow the maximum
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amount of information to be packed in a given area on a substrate,
and/or to provide a security feature. This and other objects of the
invention will become clear from an inspection of the detailed

description of the invention, and from the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a is a perspective exploded schematic view

showing an exemplary substrate according to the present invention;

FIGURE 2 is a schematic side view of the substrate of

FIGURE 1 in association with two scanner wands;

FIGURE 3 is an exemplary output from the scanner wands of
FIGURE 2 after they are passed past the substrate of FIGURE 1;

FIGURE 4 is an alternative construction in which two scanner

heads are mounted in a common housing for movement together;

FIGURE 5 is a view like that of FIGURE 1 for an alternative

embodiment of the invention; and

FIGURE 6 is a view like that of FIGURE 1 for yet another

embodiment according to the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

FIGURE 1 schematically illustrates a substrate 10 according to
the present invention. The substrate 10 material itself is typically

paper, but may also comprise packaging material, plastic, films, or
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almost any material capable of receiving and retaining clear machine
readable imaging thereon. In a predetermined area -- shown in
dotted line at 11 in FIGURE 1 -- a first machine readable
identification code 12 is imaged on substrate 10. The first code 12 is
a bar code, although other machine readable codes may also be
utilized. It is typically imaged on utilizing a toner that is applied by
electron beam, or ion deposition, or like techniques such as ink jet,
electrophotography or electrography. The toner is preferred to be of a
spectral response in contrast to that of the substrate 10 in the region
of the first predetermined wavelengf.h range of electromagnetic
energy, but one that does not interfere with the response of the
second code 13. The first code 12 is opaque to a first predetermined
wavelength range of electromagnetic energy (e.g. substantially the
infra-red region of light), and is transparent to a second
predetermined wavelength range of electromagnetic energy different
from the first range (e.g. substantially the visible light spectrum).

The substrate of FIGURE 1 also comprises a second machine
readable code 13 which overlays and at least partially covers the first
code 12. The second code 13, also imaged using toner and typically
by electron beam or ion deposition techniques, is transparent to the
first predetermined wavelength range of electromagnetic energy, and
opaque to the second range. As for the code 12, the code 13 is a bar
code.

An example of the infra-red-opaque toner that could be utilized
for the first code 12 is a blend available from ICMI and known as
"QA6-14B" which uses a small percentage load of an infra-red
absorbing dye in the toner. The toner used for the second code 13
may comprise a jet ink from a Canon Bubblejet Cartridge (BC-01),
which is opaque in the visible spectrum but transparent in the infra-
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red. Alternatively ultra-violet responding toner could be incorporated
into the toner used for the top, second code 13.

Utilizing the substrate of FIGURE 1, more information can be
packed into the area 11 than in conventional systems. Both bar
codes 12, 13 are capable of being readily scanned, however. FIGURE
2 schematically illustrates this. Shown are two different scanner
heads 15, 16 connected by leads 17, 18 respectively to an electronic
controller 19, all of these elements being conventional per se. The
heads 15, 16 are illustrated in FIGURE 2 in the form of wand .

- scanners. The head 15 is a scan heéd which emits light in the visible

range, such as an RJS Autoscan bar code verifier designed for the
visible range, while the head 16 is designed for the infra-red range
(e.g. also an RJS Autoscan). The reflectance plots from the electronic
controller 19 are shown schematically in FIGURE 3, and this
information is ultimately sent to a decoding algorithm to translate
signals to useful data. In the FIGURE 2 embodiment the bar codes
12, 13 are scanned in two different passes.

FIGURE 4 illustrates an exemplary scanner according to the
present invention in which the heads 15, 16 are mounted by a
common housing assembly. The commcn mounting means may be
the housing 21, which is shown in cross-section in FIGURE 4, having
side walls to which the scanner heads 15 are mounted, as by
mounting bands 22. The housing 21 itself may be contoured to easily
fit in a user’s hand, or to be mounted on an automated piece of
equipment. Utilizing the apparatus 23 of FIGURE 4 it is possible to
read both of the bar codes 12, 13 in a single pass.

While the apparatus 23 is exemplary, a wide variety of
different embodiments can also be utilized. For example the
mounting means may mount two conventional stationary scanning

heads, such as provided in supermarket check out counters, adjacent
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each other, typically in line in the expected direction of movement of
the substrate to be scanned with respect to the scanner heads.
Either the scanner heads 15, 16 can be moved relative to the
substrate 10, or vice versa, or both can be moved relative to each
other at the same time. A single head emitting two (or more)
discrete light wavelength ranges also may be utilized.

While the above description is provided for a situation in which
there are two bar codes 12, 13, it is to be understood that other bar
codes may also be provided within the area 11. This is schematically
illustrated at 25 in FIGURE 1 by a i;hird bar code 25. The third bar
code 25 will be imaged over and at least partially cover the codes 12,
13, and the third code 25 is transparent to the first and second
predetermined wavelength ranges, and responsive either by its
opacity to a third range or by its ability to fluoresce in the presence
of the energy of a third range, while the first and second codes are
transparent to that third range. In order to implement utilization of
a third 25, or more, bar codes in the same area 11, dye agents may
be utilized which are responsive to very narrow wavelength bands
within the infra-red region, or within the visible spectrum, such as
available from PitKit. Any number of layers could be utilized as long
as the detector (scanner) band pass is narrow enough to prevent
interfering cross-talk from other layers of the stacked bar codes.

FIGURE 5 illustrates the basic concept of the invention
utilized with two-dimensional bar codes (i.e. adding a third dimension
thereto). In this embodiment components comparable to the FIGURE
1 embodiment are shown by the same reference numeral only
preceded by a "1".

Within the predetermined area 111 of the substrate 110 a first
two-dimensional bar code 112 is imaged, and then a second 113 is
imaged over the first 112. Bar code layer 112 is typically an IR

PCT/US95/15872
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10

opaque layer which is transparent to the visible spectrum, while the
top bar code layer 113 is composed of toner which is transparent to
the infra-red region and opaque to the visible light spectrum.

It will be seen from FIGURES 1-5 that typically multiple
layers of bar codes or other machine readable codes substantially
increase the density of information gathered by the scanner heads
within the same scan pass length or area coverage.

FIGURE 6 illustrates another exemplary embodiment
according to the present invention. In this embodiments components
the same as those of FIGURE 1 are 'shown by the same reference
numeral. In the FIGURE 6 embodiment the substrate 10 is not
designed to pack more information into a small area (although that
could be done too by providing two bar codes 12, 13 as illustrated in
FIGURE 1 and then overlaying them as will be described hereafter);
rather the main function of the FIGURE 6 embodiment is to provide
a security feature which hides the bar code 12 so that it is "invisible".
While in the FIGURE 1 embodiment the bar code 13 essentially
"hides" the bar code 12 so that a security feature is provided there
too, the top bar code 13 is readily viewed. In the FIGURE 6
embodiment the bar code 12 is not recognizable at all.

In the FIGURE 6 embodiment an overlay 27 is provided which
substantially completely covers the bar code 12 and the
predetermined area 11, in fact covering the overlapping area 28 of
the substrate 10. The bar code 12 is as described in FIGURE 1
whereas the overlay in the form of a security block 27 comprises
toner which is transparent to the wavelength of light to which the
code 12 is opaque, and opaque to the second predetermined
wavelength range of electromagnetic energy. In this embodiment the
code 12 need not be transparent in the visible area of the spectrum so
long as the block 27 is sufficiently opaque to hide it.

PCT/US95/15872
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The block 27 need not be imaged onto the substrate 10,
overlaying the code 12, by a toner-based process. Imaging may be
done by numerous other processes such as conventional ink jet
printing, or conventional litho or flexo printing techniques. The block

§ 27 need not be black but can be any number of different "spot colors",
or multiple layers of spot colors.

In one example of implementation of the invention as described
above, simulated bars of a bar code 12 were imaged and fixed onto a
paper substrate 10 using the ICMI QA6-14B infra-red absorbing

10 invisible toner. These bars were scanned with an RJS Autoscan unit
using the infra-red wavelength scanning head. (The exact
wavelength and bandwidth is unknown.) The width of the bars were
measured at 0.0740". The simulated bars of a bar code 12 were then
over printed with a blob 27 of black spot color; and a second bar code

15 using a Canon BJ-10 bubble jet printer. The cartridge used was the
Canon BC-01 cartridge with the standard factory ink in it. This was
previously tested and founded to be transparent in the infra-red area
of the si)ectrum. When the infra-red scanning head of the RJS
Autoscan was placed over the blob of infra-red absorbing invisible

20 toner 27 and the bar code, the only thing which the scan head
recorded was the simulated bar code 12 bars underneath, which were
created with the IR opaque toner. The bar widths were measured at
0.0742", well within the limits of experimental error.

It will thus be seen that according to the present invention a

25 simple yet effective substrate, method of forming the substrate, and
scanner particularly utilizable with such a substrate, have been
provided which allow more information to be packed into a
predetermined area on a substrate, and/or provide a security feature
for a bar code on a substrate. While the invention has been herein

30 shown and described in what is presently conceived to be the most
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practical and preferred embodiment thereof it will be apparent to
those of ordinary skill in the art that many modifications may be
made thereof within the scope of the invention, which scope is to be
accorded the broadest interpretation of the appended claims so as to

5 encompass all equivalent products, processes, and devices.
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WHAT IS CLAIMED IS:

1. A substrate capable of receiving and retaining imaging
thereon, comprising:

a first machine readable identification code imaged on a
predetermined area of said substrate, said first code opaque to a first
predetermined wavelength range of electromagnetic energy and
transparent to a second predetermined wavelength range of
electromagnetic energy different from the first range; and

an overlay imaged over and at least partially covering said

OMQO)CH&CDNP

first code, said overlay transparent to said first predetermined

wavelength range of electromagnetic energy and opaque to the second

[
o

predetermined wavelength range of electromagnetic energy different

[y
[

from the first range.

&

1 2. A substrate as recited in claim 1 wherein said second range

2 1s substantially the visible spectrum of light.

1 3. A substrate as recited in claim 2 wherein said first range is
2 substantially the infra-red region of light.

1 4. A substrate as recited in claim 3 wherein said overlay
2 comprises a security block substantially completely covering the first

3 code.

1 5. A substrate as recited in claim 4 wherein said security
2 block is formed by printing applied by litho or flexographic

8 techniques, or imaging applied by electron beam or ion deposition

4 techniques, electrophotographic or electrographic methods, or ink jet.
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1 6. A substrate as recited in claim 3 wherein said overlay
comprises a second machine readable code, and wherein said first

machine readable code is transparent to said second predetermined

[ /- I -

wavelength range of electromagnetic energy.

1 7. A substrate as recited in claim 1 wherein said overlay
2 comprises a second machine readable code, and wherein said first
3 machine readable code is transparent to said second predetermined

4 wavelength range of electromagnetic energy.

1 8. A substrate as recited in claim 7 further comprising at least
2 a third machine readable code imaged over and at least partially

3 covering said first and second codes, said third code transparent to

4 said first and second predetermined wavelength ranges of

5 electromagnetic energy and opaque to a third predetermined

6 wavelength range of electromagnetic energy different from said first

7 and second ranges, and said first and second codes transparent to

8 said third range.

1 9. A substrate as recited in claim 7 wherein said machine

2 readable codes are bar codes.

1 10. A substrate as recited in claim 7 wherein said first and
2 second codes comprise toner imaged on said substrate with electron
3 beam or ion deposition techniques, electrophotographic or

4 electrographic methods, or ink jet.
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11. A method of coding a substrate comprising the steps of:

(a) imaging a first machine readable identification code on a
predetermined area of the substrate, the first code opaque to a first
predetermined wavelength range of electromagnetic energy and
transparent to a second predetermined wavelength range of
electromagnetic energy different from the first range; and

(b) applying an overlay over and at least partially covering the
first code, the overlay transparent to the first predetermined
wavelength range of electromagnetic energy and opaque to the second
predetermined wavelength range of electromagnetic energy different

from the first range.

12. A method as recited in claim 11 wherein steps (a) and (b)
are practiced so that the second range is substantially the visible
spectrum of light and the first range is substantially the infra-red
region of light.

13. A method as recited in claim 11 wherein step (b) is
practiced to apply a security block as the overlay substantially

completely covering the first code.

14. A method as recited in claim 13 wherein step (b) is
practiced by printing using litho, or flexographic techniques, or by
imaging by electron beam or ion deposition techniques,
electrophotographic or electrographic methods, or ink jet.

15. A method as recited in claim 11 wherein step (b) is
practiced by imaging a second machine readable code, and wherein
step (a) is further practiced by imaging the first machine readable
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code so that it is transparent to the second predetermined

wavelength range of electromagnetic energy.

16. A method as recited in claim 15 further comprising the
step of (c) imaging at least a third machine readable code over and at
least partially covering the first and second codes, the third code
transparent to the first and second predetermined wavelength ranges
of electromagnetic energy and responsive by opacity or fluorescence to
a third predetermined wavelength range of electromagnetic energy
different from the first and second rﬁnges; and wherein steps (a) and
(b) are practiced so that the first and second codes are transparent to
the third range.

17. A method as recited in claim 15 wherein steps (a) and (b)

are practiced to provide bar codes as the machine readable codes.

18. A method as recited in claim 15 wherein steps (a) and (b)
are practiced by imaging the first and second codes with a toner
using electron beam or ion deposition techniques, electrophotographic
or electrographic methods, or ink jet.

19. A method as recited in claim 15 comprising the further
step (c) of reading the machine readable codes using first and second
different scanner heads which emit light in the first and second

wavelength ranges, respectively, in two different passes.

20. A method as recited in claim 15 comprising the further
step (c) of reading the machine readable codes using first and second
different scanner heads which emit light in the first and second
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wavelength ranges, respectively, and mounted together so that both

the first and second codes are scanned in a single pass.

21. A scanner for reading machine readable codes, including
by emitting light, comprising:

at least first and second different scanner heads, said first
scanner head for emitting light in a first predetermined wavelength
range of electromagnetic energy and said second scanner head for
emitting light in a second predewmed wavelength range of
electromagnetic energy different from said first range; and

means for mounting said scanner heads immediately adjacent
each other so that by single pass relative movement between a
substrate and said scanner heads two different wavelength range
machine readable codes on the substrate may be read at the same

time.

22. A scanner as recited in claim 21 wherein said mounting
means comprises a portable housing, and said scanner heads

comprise scanner wands.

23. A scanner as recited in claim 21 wherein said second
predetermined wavelength range is substantially the visible spectrum
of light, and said first range is substantially the infra-red region of
light.
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