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BEAM-FORMING APERTURE FOR
BARCODE APPLICATIONS

TECHNICAL FIELD

This invention relates to laser optics. More particularly, the
present invention relates to an optical system for barcode
verification.

BACKGROUND

Barcodes are essential to modern commerce. Virtually any
commercially available item receives a barcode identifica-
tion. Consumers, manufacturers, and retailers all benefit from
their use because it is the least expensive yet most reliable
way of providing machine-readable information. Given how
pervasive barcoding has become for modern commerce, vari-
ous “barcode verification” schemes have been developed to
characterize the quality ofa given barcode label. For example,
with regard to one-dimensional barcodes, the Uniform Code
Council (UCC) has promulgated nine separate categories of
barcode quality. To ascertain the quality in these categories, a
barcode verifier scans a laser beam across a barcode.

In a conventional barcode verifier, the laser beam is
focused into a generally circular illumination spot on the
barcode. This illumination spot scans across a “slice” of the
barcode during the verification in a direction generally nor-
mal to the longitudinal axis of the bars in the barcode. As the
illumination spot is scanned, it will cross the unprinted media
between the bars. This is problematic because the coherent
nature of the laser beam makes it susceptible to specular
reflections from the unprinted media. In other words, a given
slice of unprinted media between barcode bars may have a
spot that strongly reflects the laser light as compared to other
unprinted slices of the media. In turn, this specular reflection
makes the measurement of contrast between the unprinted
media and the bars noisy and unreliable because the increased
reflectance diminishes the contrast for the barcode bars on
either side of the shiny unprinted media slice. These barcode
bars may be printed with acceptable quality yet be deemed
unacceptable due to the specular return from the unprinted
media.

Accordingly, there is aneed in the art for improved barcode
verifiers that are less susceptible to specular reflection noise
but also retain a small effective aperture size.

SUMMARY

In accordance with an aspect of the invention, a system is
provided that includes: a laser source producing a laser beam
that diverges in a first direction and in a second direction
orthogonal to the first direction; a lens positioned to receive
the laser beam from the laser source and provide a magnified
laser beam; and an opaque screen having an elongated aper-
ture having a longitudinal axis aligned substantially parallel
1o the first direction, the aperture being positioned to intercept
the magnified laser beam such that a projected laser beam
from the aperture is focused into an elongated illumination
spot, the elongated illumination spot having a longitudinal
axis aligned substantially parallel to the second direction.

In accordance with another aspect of the invention. a
method is provided that includes the acts of: providing a laser
beam diverging in both a first direction and in a second
orthogonal direction; focusing the laser beam through a lens
to produce a focused laser beam in which both divergences
are negative; and projecting the focused laser beam through
an a slit-shaped aperture having a longitudinal axis substan-
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tially aligned in the first direction such that a projected laser
beam from the slit-shaped aperture focuses into a slit-shaped
illumination spot having a longitudinal axis substantially
aligned in the second direction.

In accordance with another aspect of the invention, a sys-
tem is provided that includes: a bar code printer; and a bar
code verification system integrated with the bar code printer
that includes: a laser source producing a laser beam that
diverges in a first direction and in a second direction orthogo-
nal to the first direction; a lens positioned to receive the laser
beam from the laser source and provide a magnified laser
beam; an opaque screen having an elongated aperture having
a longitudinal axis aligned substantially parallel to the first
direction, the aperture being positioned to intercept the mag-
nified laser beam such that a projected laser beam from the
aperture is focused into an elongated illumination spot, the
elongated illumination spot having a longitudinal axis
aligned substantially parallel to the second direction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a slit-shaped illumination spot scanning
across a barcode in accordance with an embodiment of the
invention;

FIG. 2 is a cross-sectional view of an uneven media surface
producing specular returns that may be minimized if the
response is averaged across the longitudinal direction in
accordance with an embodiment of the invention; and

FIG. 3 is an illustration of a laser beam projection system
that provides a slit-shaped illumination spot in accordance
with an embodiment of the invention;

FIG. 4 is an illustration of a slit-shaped aperture having a
non-uniform width adapted to produce a more uniform power
distribution across the slit-shaped illumination spot in accor-
dance with an embodiment of the invention;

FIG. 5q illustrates a laser beam power profile taken at a
pre-focus distance for the system of FIG. 3;

FIG. 5b illustrates a laser beam power profile taken at the
focus distance for the system of FIG. 3;

FIG. B¢ illustrates a laser beam power profile taken at a
post-focus distance for the system of FIG. 3; and

FIG. 6 illustrates a bar code printer that includes a laser
beam projection system that provides a slit-shaped illumina-
tion spot in accordance with an embodiment of the invention.

DETAILED DESCRIPTION

Reference will now be made in detail to one or more
embodiments of the invention. While the invention will be
described with respect to these embodiments, it should be
understood that the invention is not limited to any particular
embodiment. On the contrary, the invention includes alterna-
tives, modifications, and equivalents as may come within the
spirit and scope of the appended claims. Furthermore, in the
following description, numerous specific details are set forth
to provide a thorough understanding of the invention. The
invention may be practiced without some or all of these spe-
cific details. In other instances, well-known structures and
principles of operation have not been described in detail to
avoid obscuring the invention.

To address the need in the barcode verifier art for improved
resistance to specular reflections from unprinted media, a
barcode verifier is provided that produces a slit-shaped illu-
mination spot as illustrated in FIG. 1. This illumination spot
has a longitudinal axis parallel to the longitudinal axis of the
barcode bars. As this spot crosses the unprinted media
between bars in a lateral direction, it will tend to average out
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any specular responses. To properly average the media
response in the longitudinal direction, the lateral extent of the
slit-shaped illumination spot should be largely contained
within the minimum separation between barcode bars. Thus,
as the illumination spot moves between two adjacent bar code
bars, the spot will be primarily illuminating only the stripe of
unprinted media between the adjacent bar code bars. The
longitudinal extent of the illumination spot will thus tend to
average out specular returns produced, for example, by an
uneven media surface. An exemplary averaging is illustrated
in FIG. 2. As indicated by the incident arrow, a conventional
circular-shaped illumination spot will experience specular
returns from the uneven media surface. However, a slit-
shaped spot extended across (in a longitudinal fashion) across
the uneven media surface will have some specular returns and
also some non-specular returns. This averaging ofa variety of
specular and non-specular returns will tend to be the same for
all the stripes of unprinted media within the barcode. Thus,
the media noise resulting from specular returns is minimized.
At the same time, the slit-shaped illumination spot retains
sensitivity to thermal defects in the longitudinal direction of
the bars. Moreover, it maintains a small defects reading in the
lateral direction.

The production of the slit-shaped illumination spot takes
advantage of a common property for conventional laser
sources such as, for example, index-guided laser diodes and
vertical cavity surface emitting lasers (VCSELs). These
devices are constructed such that the emitted laser beam has a
greater divergence in a first normal axis to the beam direction
than in a second normal axis. The divergence in the first axis
may be denoted as © perpendicular whereas the divergence in
the second axis may be denoted as ® parallel. In general, ®
perpendicular is approximately 4 times greater than © paral-
lel. The divergences are defined with respect to the laser beam
waist, which is a rather remarkable property of coherent laser
beams having a Gaussian electric field distribution in a plane
perpendicular (such as ® perpendicular or © parallel) to the
beam travel. As suggested by the term “waist,” a laser beam
(which generally has a Gaussian power distribution) will have
a beam radius that reaches a minimum at some point usually
reasonably close to the laser source. For example, for a Quan-
tum Semiconductor QAL laser diode, the waist occurs
approximately 8 mm from the laser diode (which also
includes a 1:1 lens). The ® perpendicular and © parallel
divergences are defined from a propagation point at the waist.
The longitudinal axis for the ® parallel divergence may be
denoted as the parallel axis whereas the longitudinal axis for
the ® perpendicular divergence may be denoted as the per-
pendicular axis.

Turning now to FIG. 3, a system 300 is illustrated that
includes a slit-shaped aperture 305. A laser source such as a
laser diode 310 produces a laser beam that is focused through
an objective lens 315. A laser beam 325 passes through the
objective lens to an opaque screen 320 that includes the slit-
shaped aperture. The longitudinal axis of the aperture is par-
allel to the parallel axis of the laser beam. The longitudinal
axis of the aperture is thus orthogonal to the perpendicular
axis of the laser beam.

The magnification of the objective lens depends upon the
desired length between the resulting slit-shaped illumination
spot and the objective lens. For example, if a desired length L
between the spot and the lens is nine inches, it can be shown
that a magnification M for the objective lens is given by

M+{1-(L-0.3)/f)*Dy/L
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where D, is the waist length (which may be determined
experimentally using a beam analyzer), and f is the focal
length. For a focal length of 0.315" and a D, of 0.229", the
magnification becomes approximately -0.677, which indi-
cates that the beam is converging (negative divergence) from
the waist. To maximize transmitted laser power, the aperture
is preferably located in the vicinity of the waist.

It can be shown that the beam divergence coming from the
objective lens is M?*4*)/m* D, times the beam divergence for
the unmagnified (1:1 lens) laser source. A conventional red
wavelength laser diode source may have a © parallel diver-
gence of approximately 8 degrees. For the magnification of
-0.677, it may thus be shown that the @ parallel divergence
from the objective lens for such a diode is approximately
-0.133*8, which equals —1.064 degrees. Because the © per-
pendicular divergence will be about four times greater, the ®
perpendicular divergence from the objective lens will be
approximately 4 degrees.

Because the longitudinal axis of the slit-shaped aperture is
aligned with the parallel axis, the beam is allowed to diverge
(actually converge since the divergence is negative) in a sub-
stantially normal fashion in this axis. However, because the
slitis relatively narrow in the perpendicular axis direction, the
O perpendicular divergence is greatly constrained. Thus, the
slit-shaped illumination spot at the desired distance (such as
the nine inches discussed earlier) will have converged much
more in the parallel axis direction than in the perpendicular
axis direction. It will thus be orthogonal to the aperture, i.e,
the longitudinal axis of the slit-shaped illumination spot will
be aligned in the perpendicular axis direction whereas the
longitudinal axis of the slit-shaped aperture is aligned in the
parallel axis direction. However, because the ® perpendicular
divergence is substantially greater than the © parallel diver-
gence, the slit-shaped illumination spot has an acceptable
power level. If the ® perpendicular divergence was compa-
rable to the ® parallel divergence, a more powerful laser beam
source would be required. It will be appreciated, however,
that a slit-shaped illumination spot may be produced from a
laser diode source having an arbitrary relationship between its
O perpendicular and parallel divergences. However, the rela-
tionship discussed above provides an advantageous power
gain.

The power distribution across the illumination spot may be
Gaussian or substantially Gaussian. Thus, the majority of the
laser energy will be present at the center of the illumination
spot, which may lead to media noise from specular returns at
this center. To provide a more uniform power profile across
the longitudinal axis of the illumination spot, a “bone-
shaped” aperture may be used in which the width of the
aperture is increased at either end of the longitudinal ends
such as seen in FIG. 4 for an aperture 400. The increased
power that is thus transmitted either end of aperture 400
diminishes the tendency for the illumination spot to have a
Gaussian distribution. Instead, a more uniform power distri-
bution is produced across the longitudinal axis of the illumi-
nation spot, thereby reducing media noise from specular
reflections.

As would be expected given the parallel-axis alignment of
the aperture, the laser power intensity before and after the
desired focal distance is substantially distributed across the
parallel axis. For example, FIG. 5a illustrates an exemplary
power distribution at a distance prior to the desired focal
distance whereas FIG. 5¢ illustrates a power distribution at a
distance past the desired focal distance. In contrast, the power
distribution at the focal distance in FIG. 55 is aligned across
the perpendicular axis.



US 7,389,931 B2

5

Depending upon the magnification and aperture dimen-
sions, a slit-shaped illumination spot may be achieved for any
desired application. For example, a 3 dB power distribution
width that fits within the separation between bar code bars
may be achieved, such as a width of 1.25 mils. Making the
aperture smaller reduces the transmitted power and thus may
require a more powerful laser source. The slit-shaped illumi-
nation spot is ideal for verification of bar codes. The slit-
shaped illumination spot is also ideal for bar code reading
applications in which the focal length between the bar code
and the bar code reader is maintained at a constant distance.

Turning now to FIG. 6, a barcode printer 600 is illustrated
that includes a laser diode source and aperture combination
such as system 300 discussed with regard to FIG. 3. In this
fashion, printer 600 may print a bar code and immediately
verify the quality of the printed bar code. As a result, auser of
printer 600 can be assured that the printed barcodes will
always satisfy a desired quality level. Printer 600 includes a
controller such as a microprocessor (not illustrated) that con-
trols the verification of a bar code using the laser diode source
and aperture combination.

The above-described embodiments of the present inven-
tion are merely meantto be illustrative and not limiting. It will
thus be obvious to those skilled in the art that various changes
and modifications may be made without departing from this
invention in its broader aspects. Therefore, the appended
claims encompass all such changes and modifications as fall
within the true spirit and scope of this invention.

What is claimed is:

1. A system for scanning a bar code, the bar code having
bars with longitudinal axes aligned with a first direction,
comprising;

a laser source producing a laser beam that diverges in the
first direction and in a second direction orthogonal to the
first direction and the longitudinal axes of the bars;

a lens positioned to receive the laser beam from the laser
source and provide a magnified laser beam; and

an opaque screen having an elongated aperture having a
longitudinal axis aligned substantially parallel to the
second direction, the aperture being positioned to inter-
cept the magnified laser beam such that a projected laser
beam from the aperture is focused into an elongated
illumination spot, the elongated illumination spot hav-
ing a longitudinal axis aligned substantially parallel to
the first direction and the longitudinal axes of the bars.

2. The system of claim 1, wherein the divergence in the
second direction is a © parallel divergence, and wherein the
divergence in the first direction is a ® perpendicular diver-
gence.

3. The system of claim 2, wherein the lens is configured
such that the © parallel divergence and the © perpendicular
divergence are both negative.

4. The system of claim 3, wherein the laser source is
adapted such that the ® perpendicular divergence is greater
than the ® parallel divergence.

5. The system of claim 4, wherein the © perpendicular
divergence is at least four times greater than the © parallel
divergence.

6. The system of claim 1, wherein the laser source is
adapted such that its laser beam is red.

7. The system of claim 1, wherein the elongated aperture
has a substantially uniform width.

8. The system of claim 1, wherein the elongated aperture
has a non-uniform width such that it is wider at opposing ends
ofthe elongated aperture than it is at a middle of the elongated
aperture.
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9. The system of claim 1, wherein the elongated aperture is
located at a waist for the magnified laser beam.

10. The system of claim 1, wherein the laser source is a
laser diode.

11. A method for scanning a bar code label, the bar code
label having bars with longitudinal axes aligned with a first
direction, comprising:

providing a laser beam diverging in both the first direction

and in a second direction that is orthogonal to the first

direction and the longitudinal axes of the bars;

focusing the laser beam through a lens to produce a focused
laser beam in which both divergences are negative; and

projecting the focused laser beam through a slit-shaped
aperture having a longitudinal axis substantially aligned
in the second direction such that a projected laser beam
from the slit-shaped aperture focuses into a slit-shaped
illumination spot having a longitudinal axis substan-
tially aligned in the first direction and parallel to the
longitudinal axes of the bars.

12. The method of claim 11, wherein the divergence in the
second direction is a © parallel divergence and wherein the
divergence in the second direction is a ® perpendicular diver-
gence.

13. The method of claim 11, further comprising: verifying
a quality of the barcode label by scanning the slit-shaped
illumination spot across the barcode label.

14. The method of claim 11, further comprising: reading a
content of the barcode label by scanning the slit-shaped illu-
mination spot across the barcode label.

15. The method of claim 11, wherein a width of the illu-
mination spot is less than a separation between the bars in the
barcode label.

16. The method of claim 11, wherein the aperture is located
at a waist of the magnified beam.

17. A system, comprising:

a bar code printer; and

a bar code verification system integrated with the bar code

printer for verifying bar code labels printed by the bar

code printer, each bar code label having bars with lon-
gitudinal axes aligned with a first direction, the bar code
verification system including:

a laser source producing alaser beam that diverges in the
first direction and in a second direction orthogonal to
the first direction and to the longitudinal axes of the
bars;

alens positioned to receive the laser beam from the laser
source and provide a magnified laser beam;

an opaque screen having an elongated aperture having a
longitudinal axis aligned substantially parallel to the
second direction, the aperture being positioned to
intercept the magnified laser beam such that a pro-
jected laser beam from the aperture is focused into an
elongated illumination spot, the elongated illumina-
tion spot having a longitudinal axis aligned substan-
tially parallel to the first direction and the longitudinal
axes of the bars.

18. The system of claim 17, wherein the divergence in the
second direction is a © parallel divergence, and wherein the
divergence in the first direction is a ® perpendicular diver-
gence.

19. The system of claim 18, wherein the lens is configured
such that the © parallel divergence and the ® perpendicular
divergence are both negative.
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