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(57) Abstract: An imaging module or reader for electro-optically reading both far-out and close-in, one-dimensional symbols lo-
cated at variable working distances from the module or reader, includes a solid-state imager having a linear array of image sensors
arranged in a single row for capturing return light from the symbols, and an imaging lens assembly for adjustably focusing the re-
turn light onto the linear array of image sensors to enable the symbols to be read.
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LONG RANGE IMAGING READER

DESCRIPTION OF THE RELATED ART

[0001] Solid-state imaging systems or imaging readers, as well as moving laser beam readers
or laser scanners, have both been used to electro-optically read one-dimensional bar code symbols,
partipularly of the Universal Product Code (UPC) type, each having a row of bars and spaces spaced
apart along one direction, and two-dimensional symbols, such as Code 49, which introduced the
concept of vertically stacking a plurality of rows of bar and space patterns in a single symbol. The
structure of Code 49 is described in U.S. Patent No. 4,794,239. Another two-dimensional code
structure for increasing the amount of data that can be represented or stored on a given amount of
surface area is known as PDF417 and is described in U.S. Patent No. 5,304,786.

[0002] The imaging reader includes a solid-state imager having a sensor array of cells or
photosensors, which correspond to image elements or pixels in a field of view of the imager, and an
imaging lens assembly for capturing return light scattered and/or reflected from the symbol being
imaged, and for projecting the return light onto the sensor array to initiate capture of an image of the
symbol. Such an imager may include a one- or two- dimensional charge coupled device (CCD) or
a complementary metal oxide semiconductor (CMOS) device and associated circuits for producing
and processing electronic signals corresponding to a one- or two- dimensional array of pixel
information over the field of view.

[0003] It is therefore known to use the imager for capturing a monochrome image of the
symbol as, for example, disclosed in U.S. Patent No. 5,703,349. It is also known to use the imager

with multiple buried channels for capturing a full color image of the symbol as, for example,
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disclosed in U.S. Patent No. 4,613,895, It is common to provide a two-dimensional CCD with a 640
x 480 resolution commonly found in VGA monitors, although other resolution sizes are possible.

[0004] Moving laser beam readers generally include a laser f;r emitting a laser beam, a
focusing lens assembly for focusing the laser beam to form a beam spot having a certain size at a
predetermined working distance, a scan component for repetitively scanning the beam spot across
a target symbol in a scan pattern, for example, a line or a series of lines across the target symbol, a
photodetector for detecting light reflected and/or scattered from the symbol and for converting the
detected light into an analog electrical signal, and signal processing circuitry including a digitizer
for digitizing the analog signal, and a microprocessor for decoding the digitized signal based upon
a specific symbology used for the symbol.

[0005] In some applications, for example, in warehouses héving symbols on products located
on high shelves, it is necessary that such symbols be capable of being read at an extended range of
working distances, for example, on the order of fifty feet, away from the reader. It is conventional
to employ long range, moving laser beam readers to read such extended range symbols, especially
one-dimensional symbols, which represent a majority of the market for reading symbols.

[0006] As advantageous as moving laser beam readers are in reading such extended range
one-dimensional symbols, they are disadvantageous in that they are relatively expensive to
manufacture, for example, in comparison to imaging readers, and can only be built in manufacturing
facilities having fairly specialized optical alignment capabilities. In addition, long range laser beam
readers are relatively large, rendering them difficult to package in small portable handheld devices.

Imaging readers, typically employing a two-dimensional array of sensors, have been used to read
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symbols, but they cannot read one-dimensional symbols at the same extended range as moving laser
beam readers can.
SUMMARY OF THE INVENTION

[0007] One feature of the present invention resides, briefly stated, in an imaging reader or
module for, and a method of, electro-optically reading both far-out and close-in, one-dimensional
symbols located at variable working distances from the reader. The reader or module includes a
solid-state imager having a linear array of image sensors or pixels arranged in a single row for
capturing return light from the symbols, and an imaging lens assembly for adjustably focusing the
return light onto the linear array of image sensors to enable the symbols to be read.

[0008] The linear sensor array of this invention provides several advantages over a
two-dimensional or area sensor array for long range reading applications. The linear sensor array
of this invention is smaller and less expensive than area sensor arrays. The signals produced by the
linear array of this invention can be decoded using microprocessors or controllers that are less
expensive than the ones needed to decode signals from area arrays, thereby further reducing the
overall cost of the imaging reader. The linear sensor array of this invention also provides a higher
resolution by virtue of a larger number of sensors or pixels than are available in a single row of
sensors in an area array. For example, the linear array of this invention preferably has on the order
of 1,500 or more, e.g., 2,000, of the image sensors arranged in the single row, which is
approximately double that typically encountered in a row of an area array. Doubling pixel resolufion
can theoretically double working distance range. The linear sensor array of this invention also

operates at a higher scan rate than that of area arrays to provide a more responsive reader.
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[0009] The linear array of this invention uses elongated sensors, e.g., are generally
rectangular in shape, to improve sensitivity (pixels in area arrays are square). For example, each of
the sensors has a generally elongated shape and measures about 5.5 microns in width by 64 microns
in height. Thus, the sensors are much taller than they are wide. In general, tall sensors are
advantageous for long range reading as they increase the field of view of each individual sensor,
thereby allowing the sensors to collect more light, and making the imager more sensitive.

[0010] ' In this case, however, the magnification of the imaging lens assembly is very high
"when reading symbols at great working distances, such as around 50 feet. At this distance, the
vertical field of view of each sensor can exceed the vertical height of the symbol, thereby reducing
the apparent contrast of the symbol and also leading to the potential problem ofreading things above
and below the symbol at the same time, thereby reducing decodability. It would, therefore, be
advantageous to adjust the vertical field of view of each sensor to a height that is no taller than the
height of a symbol that might typically be read from a great distance. For example, the projected
height of the sensors on a far-out symbol can be as tall as 1 to 1.5 inches at large working distances
due to the high magnification. This is too tall and can be reduced to a more reasonable height, say
on the order of one-half inch, by using an additional cylindrical optical element in the imaging lens
assembly. The cylindrical optical element can also be used to increase the projected height of the
sensors in the event that an array with shorter or square sensors is being used. Thus, such additional
optical elements can be used to increase or decrease the projected pixel height as necessary for
optimum performance, without requiring a custom sensor array.

[0011] In a preferred embodiment, the imager is an unpackaged chip placed directly on a

printed circuit board in the reader, and wire-bonded to the board. Elimination of the package keeps



WO 2009/117320 PCT/US2009/037095

the overall system small and inexpensive. No existing long range readers use unpackaged arrays.
Also, a double-folded optical path for the return light is provided between the imager and the
imaging lens assembly to render the module compact, preferably in a standardized form factor
measuring 19 millimeters by 38 millimeters by 25 millimeters.

[0012] Another advantage of the linear array in the long range reader is that an illumination
system can be devised that projects more intense light over a field of view of the imager than is
possible with an area array. Thisis beéause all of the light available from illumination light sources,
such as light emitting diodes (LEDs), is concentrated into a narrow visible line, as opposed to being
spread out over a broad area of the larger field of view of an area array. This increased level of
illumination (along with greater sensitivity as mentioned above) allows the reader to work at greater
working distances away from the reader, and in darker environments than is possible with an area
array. The more intense illumination also allows shorter imager exposure times to be used, thereby
making a linear array less sensitive to motion of the reader or of the symbol during reading as
compared to an area array. This is important wﬁen reading symbols at an extended range with a
handheld reader, where small hand motions can blur the image generated by the imager, thereby
rendering the symbol unreadable if imager exposure times are too long.

[0013]) The narrow visible line can be used by an operator to aim the reader at a symbol. At
larger and larger working distances, however, this visible line becomes dimmer and more diffused,
thereby making it difficult for the operator to use the line for aiming. This invention, therefore, also
includes projection of a bright beam of light, for example, from a laser, to aid in aiming at symbols

that are so far away that the LED illumination is not distinct enough.
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[0014] This illumination system could project a simple spot of light, which would provide
excellent visibility at a distance. Alternatively, it could project a short visible line aligned with the
linear field of view of the linear array, so as to help the operator orient the reader with the symbol.
This short visible line can be projected over an angle that is smaller than the horizontal field of view
angle of the imager, as opposed to approximately matching the field of view of the imager as is
commonly done with the illumination systems in linear imagers. Keeping the laser aiming line short
maintains brightness at long working distances.

[0015] In addition, when reading at long distances, the field of view of the imager will be
wider than necessary to scan symbols, so that there is no need to indicate where the actual end points
of the field of view are by matching the aiming visible line with the field of view. When used at
closer range, the illumination line will be bright enough to see, and since its length approximately
matches the length of the imager's field of view, it will provide a visual indication approximating
the end points of the field of view, which is a useful guide when scanning long symbols that nearly
fill the field of view, as can happen when reading at close range where the field of view is relatively
narrow.

[0016] The laser (or other light source) aiming spot can also be used to assist the auto-focus
imaging lens assembly by providing ranging data via parallax which will make the spot appear in
a different part of the imager’s field of view, depending on distance to the symbol on which the
" aiming spot is projected. It is typically difficult to align a small spot with the linear field of view
accurately enough to insure that it remains within the field of view throughout the working distance
range. This problem may be eased by adding some vertical height to the projected aiming pattern

so as to make it easier to maintain at least part of the pattern within the field of view over the entire
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working distance range. A preferred aiming spot would be a short horizontal line (short means not
as long as the entire linear field of view) which also has an even shorter ;/ertical line passing through
its center. The appearance of this would be a cross with a wide horizontal section and a short
vertical section. The horizontal section woul‘d be aligned by the operator for aiming. The vertical
section would help insure that at least part of the pattern is visible to the array throughout the
working distance range, for ranging purposes. A brighter spot can be positioned at the junction of
the two lines, if desired, to assure maximum visibility at extended range.

[0017] Another way to use the laser to assist the auto-focus imaging lens assembly is to
measure a size of a blur in the image of the laser spot on the array, and to adjust the auto-focus
imaging lens assembly until the image becomes small, at which time the illumination LEDs are
energized to capture an image of the entire symbol for decoding. Use of the laser for assistance
(either by ranging or by looking at image blur) allows the illumination LEDs to be de-energized until
the imager is focused. Minimizing power consumption is important since long range readers are
usually battery powered. In the long range imager, the illumination LEDs represent a very large
portion of overall power consumption; hence, minimizing illumination time is important.

[0018] Another way to use a laser to assist the auto-focus imaging lens assembly is to use
an infrared (IR) laser separate from a visible aiming laser that is only used for aiming. The IR laser
projects a vertical line that is invisible to the operator, but which is visible to the imager. The
extended vertical dimension of this line assures that at least part of the IR laser is within the field of
view regardless of working distance, without requiring precision aiming of the IR laser. Since the

visible laser will no longer be used for auto-focus assistance, its projected pattern can be optimized
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for brightness or orientation purposes without adding additional focus assist features (such as a
vertical line segment) which might be confusing to the operator.

[0019] A linear array optimized for very long range uses amuch narrower field of view angle
than prior art linear arrays, which are designed to be able to read long symbols within a few inches
of the reader. Typical prior art linear arrays use field of view angles of between around 35° to 45°.
For long range scanning, a field of view angle of around 10° to 15° is used. This narrow angle
assures that adequate resolution is maintained over an extended range. The narrow angle also
enables more intense illumination since the light from the illumination LEDs does not need to be
spread over such a wide angle.

[0020] The auto-focus imaging lens assembly can advantageously utilize a nonmovable
liquid lens or a variable focal length lens using liquid crystal technology, or it can use a lens that is
moved by a motor or moved magnetically.

[0021] The method of electro-optically reading both far-out and close-in, 'one-dimensional
symbols located at variable working distances from an imaging reader is advantageously performed
by capturiné return light from the symbols with a solid-state imager having a linear array of image
sensors arranged in a single row, and by adjustably focusing the return light onto the linear array of
image sensors to enable the symbols to be read.

[0022] The novel features which are considered as characteristic of the invention are set forth
in particular in the appended claims. The invention itself, however, both as to its construction and
its method of operation, together with additional objects and advantages thereof, will be best
understood from the following description of specific embodiments when read in connection with

the accompanying drawings.



WO 2009/117320 PCT/US2009/037095

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] FIG. 1 is a perspective view of a portable imaging reader operative in either a
handheld mode, or a hands-free mode, for capturing return light from symbols;
[0024] FIG. 2 is a schematic diagram of various components of the reader of FIG. 1;
[0025] ‘ FIG. 3 is a schematic diagram depicting operation of the reader of FIG. | in
accordance with one embodiment of the present invention;
[0026] FIG. 4 is a schematic diagram depicting operation of the reader of FIG. 1 in
accordance with another embodiment of the present invention;
[0027] FIG. 5 is an exploded perspective view of various components of the reader of FIG.
1, the components together comprising a module for use in readers of different housing
configurations in accordance with the present invention; and

[0028] FIG. 6 is a perspective view of the module of FIG. 5 in a standardized form factor.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0029] Reference numeral 30 in FIG. 1 generally identifies an imaging reader having a
generally vertical window 26 and a gun-shaped housing 28 supported by a base 32 for supporting
the imaging reader 30 on a countertop. The imaging reader 30 can thus be used in a hands-free mode
as a stationary workstation in which products are slid, swiped past, or presented to, the vertical
window 26, or can be picked up off the countertop and held in an operator’s hand and used iﬁ a
handheld mode in which a trigger 34 is manually depressed to initiate imaging of indicia, especially
one-dimensional symbols, to be read at far distances from the window 26. In another variation, the |

base 32 can be omitted, and housings of other configurations can be employed. A cable, as
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illustrated in FIG. 1, connected to the base 32 can also be omitted, in which case, the reader 30
communicates with a remote host by a wireless link, and the reader is electrically powered by an
on-board battery.

[0030] As schematically shown in FIG. 2, an imager 24 is mounted on a printed circuit board
22 in the reader. The imager 24 is a solid-state device, for example, a CCD or a CMOS imager,
especially an unpackaged chip, and has a one-dimensional linear array of addressable image sensors
or pixels arranged in a single row and operative for detecting return light captured by an imaging lens
assembly 20 along an optical path 46 through the window 26. The return light is scattered and/or
reflected from a one-dimensional symbol 38 over a field of view. The imaging lens assembly 20 is
operative for adjustably focusing the return light onto the linear array of image sensors to enable the
symbol 38 to be read. The symbol 38 is located anywhere in a working range of distances between
a close-in working distance (WD1) and a far-out working distance (WD2). In a preferred
embodiment, WD1 is about four to six inches from the imager array 24, and WD2 can be many feet
from the window 26, for example, around fifty feet away.

[0031] An illuminator 12 is also mounted in the imaging reader and preferably includes a
plurality of light sources, e.g., light emitting diodes (LEDs), and an illuminator lens assembly 10 to
uniformly illuminate the symbol 38. The illuminator lens assembly 10, as best seen in FIG. 3,
includes a plurality of light pipes 8 and a plurality of lenses 6. The lenses 6 can be used, as described
above, to illuminate a visible, uniform line of light onto the symbol. An aiming pattern generator
is also mounted in the imaging reader and preferably includes an aiming light source 18, e.g., a laser
or an LED, and an aiming lens assembly 16 for generating an aiming beam pattern. As shown in

FIG. 2, the imager 24, the illuminator 12 and the light source 18 are operatively connected to a
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controller or microprocessor 36 operative for controlling the operation of these components. A
memory 14 is connected and accessible to the controller 36. Preferably, the microprocessor is the
same as the one used for processing the return light from target symbols and for decoding the
captured target images.

[0032] In operation, the microprocessor 36 sends a command signal to energize the aiming
light source 18 prior to reading, and also pulses the illuminator 12 for a short exposure time period,
say 500 microseconds or less, and energizes and exposes the imager 24 to collect light, e.g.,
illumination light and/or ambient light, from a target symbol only during said exposure time period.
A typical array needs about 33 milliseconds to acquire the entire target image and operates at a frame
rate of about 30 frames per second.

[0033] The linear sensor array 24 provides several advantages over a two-dimensional or area
sensor array for long range reading applications. The linear sensor array 24 is smaller and less
expensive than an area sensor array. The signals produced by the linear array 24 can be decoded
using the microprocessor or controller 36 that is less expensive than the one needed to decode signals
from an area array, thereby further reducing the overall cost of the imaging reader. The linear array
24 also provides a higher resolution by virtue of a larger number of sensors or pixels than are
available in a single row of sensors in an area array. For example, the linear array 24 of this
invention preferably has on the order of 1,500 or more, e.g., 2,000, of the image sensors arranged
in the single row, which is approximately double that typically encountered in arow of an area array.

Doubling pixel resolution can theoretically double working distance range. The linear array 24 also

operates at a higher scan rate than that of an area array to provide a more responsive reader.
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[0034] The linear array 24 of this invention uses elongated sensors, €.g., are generally
rectangular in shape, to improve sensitivity (pixels in area arrays are square). For example, each of
the sensors has a generally elongated shape and measures about 5.5 microns in width by 64 microns
in height. Thus, the sensors are much taller than they are wide. In general, tall sensors are
advantageous for long range reading as they increase the field of view of each individual sensor,
thereby allowing the sensors to collect more light, and making the imager more sensitive.

[0035] In a preferred embodiment, the unpackaged chip 24 is placed directly on the printed
circuit board 22 in the reader, and wire-bonded to the board. Elimination of the package keeps the
overall system small and inexpensive.

[0036] The auto-focus imaging lens assembly can advantageously utilize a nonmovable
liquid lens or a variable focal length lens 50 using liquid crystal technology, as shown in FIG. 3, or
it can use a lens or like optical element 64 that is mechanically or magnetically moved by a drive 66,
as shown in FIG. 4.

[0037] Thus, a variable liquid crystal (LC) lens 50, as shown in FIG. 3, has a first, glass or
polymer, substrate having a portion 52 with a concave surface, another portion 54 with a convex
surface of complementary contour to the concave surface, and a curved, optically transparent,
electrically conductive, electrode 56 made from a material such as indium-tin-oxide between the
portions 52, 54 of the substrate. The LC lens 50 also has a second, glass or polymer, generally planar
substrate 58 having a surface coated with a generally planar, optically transparent, electrically
conductive, electrode 60. The two substrates face an LC layer or cell 62 that has at least one
semi-ordered, mesomorphic or nematic phase, in addition to a solid phase and an isotropic liquid

phase. Molecules of the nematic LC layer typically are rod-shaped with the average direction of the
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long axes of the rod-shaped molecules being designated as the director, or may be disk-shaped with
the direction perpendicular to the disk-shaped molecules being designated as the director. The
nematic phase is characterized in that the directors are aligned in a preferred direction.

[0038] Birefringence in nematic LC materials is most readily described in terms of a splitting
of incoming light entering the LC layer into two perpendicularly polarized rays called the ordinary
ray and the extraordinary ray. A variation in a refractive index of the LC layer 62 with respect to the
extraordinary ray is effected by varying the angle between the directors relative to the direction of
the incoming light. Such tilting of the directors in the LC layer is produced by varying the strength
of an electric or magnetic field across the LC layer 62. The directors typically tend to align
themselves generally parallel to the direction of the electric or magnetic field. There is a threshold
field strength below which the directors do not appreciably respond to the applied field and above
which they respond monotonically as the field strength increases until realignment in response to the
field reaches saturation.

[0039] The refractive index of the LC layer 62 changes in response to a change of field
strength to produce a variation of optical properties, e.g., focal length, in the imaging lens assembly
20 in the imaging reader. When a voltage V is applied across the electrodes 56, 60, the electric field
will produce a centro-symmetrical gradient distribution of refractive index “n” within the LC layer
62.

[0040] By changing the voltage in the LC lens 50, the focal point is varied between a
close-in position WD1 and a far-out position WD2 arranged along the optical path 46. The symbol
38 can be read at, and anywhere between, these end-limiting positions, thereby extending the

working range or depth of focus in which to collect light from the symbol.
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[0041] The voltage is preferably periodic, preferably a square wave drive voltage. The
square wave is easily created with a variable duty cycle by the controller 36 having a built-in pulse
width modulator circuit. The drive voltage could also be a sinusoidal or a triangular wave signal,
in which case, the amplitude of the voltage controls the focal length and the working distance. The
square wave does not require a voltage as high as the sinusoidal wave for a given change in focal
length. When a square wave is used, focal length changes are achieved by varying the duty cycle.
When a sinusoidal wave is used, focal length changes are obtained by varying the drive voltage
amplitude. The amplitude or the duty cycle can be changed in discrete steps (digital manner) or
continuously (analog manner) by the microprocessor or controller 36 The voltage could also be a
plurality of different constant DC voltages. The voltage can be initiated at the pull of the trigger 34,
or only after a symbol has been detected. The voltage can be applied automatically, or only after a
signal analyzer 48, preferably another microprocessor, has determined'that the symbol being scanned
has not yet been successfully decoded and read.

[0042] FIG. 4 is analogous to FIG. 3, except that it depicts a movable optical element 64
movable by a drive 66 under control of the controller 36. As before, the change in position of the
optical element 64 enables the extended depth of focus to be achieved.

[0043] The imaging lens assembly 20 may also have a fixed convex lens 72 at one axial end
region of the adjustable element 50, 64 and/or another fixed lens 74 at the opposite axial end region
of the adjustable element 50, 64. Each fixed lens 72, 74 may be separate from, or integral with, the
adjustable element 50, 64. Reference numerals 72, 74 may represent a single lens as shown, or a
cylindrical lens as described above, or a plurality of lenses, especially a triplet. These fixed lenses

72, 74 assist in minimizing any kind of aberrations, for example, chromatic aberrations. The
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imaging lens assembly 20 may advantageously include an aperture stop which can be positioned
anywhere in the optical path 46.

[0044] It will be understood that each of the elements described above, or two or more
together, also may find a useful application in other types of constructions differing from the types
described above. Thus, as previously mentioned, imaging readers having different housing
configurations can be used. To that end, another feature of this invention resides in providing a
compact module of a form factor standardized to fit in diverse housings of different shapes. Thus,
as shown in FIGS. 5-6, an imaging module 80 is designed to have a standardized form factor
measuring 19 millimeters by 38 millimeters by 25 millimeters. This compact form factor is
advantageously achieved by mounting a pair of folding mirrors 2, 4 between the imager 24 and the
imaging lens assembly 20, thereby double folding the optical path along which the return light travels
within the module.

[0045] While the invention has been illustrated and described as reading one-dimensional
symbols at variable working distances from an imaging reader or module, it is not intended to be
limited to the details shown, since various modifications and structural changes may be made
without departing in any way from the spirit of the present invention.

[0046] Without further analysis, the foregoing will so fully reveal the gist of the present
invention that others can, by applying current knowledge, readily adapt it for various applications
without omitting features that, from the standpoint of prior art, fairly constitute essential
characteristics of the generic or specific aspects of this invention and, therefore, such adaptations
should and are intended to be comprehended within the meaning and range of equivalence of the

following claims.
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[0047] What is claimed as new and desired to be protected by Letters Patent is set forth in

the appended claims.
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WE CLAIM:

1. An imaging module for electro-optically reading one-dimensional symbols
located at variable working distances from the module, comprising:

asolid-state imager having a linear array of image sensors arranged in a single
row for capturing return light from the symbols; and

an imaging lens assembly for adjustably focusing the return light onto the
linear array of image sensors to enable the symbols to be read.

2. The module of claim 1, wherein the linear array has on the order of at least
1,500 of the image sensors arranged in the single row.

3. The module of claim 1, wherein the imager is an unpackaged chip, and a
printed circuit board on which the unpackaged chip is mounted.

4, The module of claim 1, wherein each of the sensors has a generally elongated
shape and measures about 5.5 microns in width by 64 microns in height.

5. The module of claim 1, and an illuminator for illuminating the symbols,
including a light source fzor emitting illumination light, and an optical element for modifying the
illumination light to form a line of high intensity light across the symbols.

6. The module of claim 5, wherein the line of high intensity light is visible and
aimable at the symbols prior to reading,.

7. The module of claim 1, and an aiming laser for emitting a visible aiming light
pattern on the symbols.

8. The module of claim 1, wherein the imaging lens assembly includes a

movable optical element.
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9. The module of claim 1, wherein the imaging lens assembly includes a
nonmovable optical element.
10.  The module of claim 1, and a pair of folding mirrors between the imaging lens
assembly and the linear array of image sensors for folding the return light.
11.  Animaging module for electro-optically reading one-dimensional symbols
located at variable working distances from the module, comprising:
means for capturing return light from the symbols with a solid-state imager
having a linear array of image sensors arranged in a single row; and
means for adjustably focusing the return light onto the linear array of image
sensors to enable the symbols to be read.
12. An imaging reader for electro-optically reading one-dimensional symbols
located at variable working distances from the reader, comprising:
a handheld housing; and
an imaging module supported by the housing, the module including a
solid-state imager having a linear array of image sensors arranged in a single row for capturing return
light from the symbols, and an imaging lens assembly for adjustably focusing the return light onto
the linear array of image sensors to enable the symbols to be read.
13. A method of electro-optically reading one-dimensional symbols located at
variable working distances, comprising the steps of:
capturing return light from the symbols with a solid-state imager having a

linear array of image sensors arranged in a single row; and
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adjustably focusing the return light onto the linear array of image sensors to
enable the symbols to be read.

14. The method of claim 13, and configuring the linear array with on the order
of at least 1,500 of the image sensors arranged in the single row.

15. The method of claim 13, and configuring the imager as an unpackaged chip,
and mounting the unpackaged chip on a printed circuit board.

16.  The method of claim 13, and configuring each of the sensors with a generally
elongated shape that measures about 5.5 microns in width by 64 microns in height.

17. The method of claim 13, and illuminating the symbols by emitting
illumination light, and modifying the illumination light to form a line of high intensity light across
the symbols.

18. The method of claim 17, wherein the line of high intensity light is visible and
aiming the visible line of high intensity light at the symbols prior to reading.

19.  The method of claim 13, wherein the focusing step is performed by moving
an optical element.

20.  The method of claim 13, wherein the focusing step is performed by not
moving an optical element.

21.  The method of claim 13, wherein the adjustably focusing step is performed
by an imaging lens assembly, and the step of folding the return light by mounting a pair of folding

mirrors between the imaging lens assembly and the linear array of image sensors.



WO 2009/117320 PCT/US2009/037095
20

22. The method of claim 13, wherein the adjustably focusing step is performed
by an imaging lens assembly, and the step of supporting the imaging lens assembly and the linear

array of image sensors in a handheld housing.
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