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(57) ABSTRACT 

An optical symbol scanner assembly includes an illumina 
tion assembly to facilitate detection and decoding small 2-D 
matrix bar code symbols or other optically read symbols that 
are laser etched or printed on the surface of microelectronics 
modules or other small articles. A hand-held scanner has an 

array of LEDs or laser diodes on its distal face that produces 
light to illuminate the symbol. There is also a focussing lens 
on the distal face and an imager device positioned behind the 
lens. The illumination assembly is mounted on the distal 
face of the scanner device. In this assembly, a lens barrel 
member has an optic axis aligned With the optic axis of the 
scanner, and a light pipe is positioned adjacent the lens 
barrel member. The light pipe has a ?at proximal face 
against the array of LEDs, and an angulated distal face for 
projecting the illumination at a sharp angle relative to the 
optic axis. The tip of the illumination assembly is in near 
contact With the article to read the symbol. The lens barrel 
member may carry an auxiliary lens. Preferably, there is a 
pair of light pipes disposed on opposite sides of said lens 
barrel member. Alternatively, the scanner may be con?gured 
as a ?xed device, for reading symbols on articles that How 
past it Without contact. 
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OPTICAL SYMBOL SCANNER WITH LOW 
ANGLE ILLUMINATION 

BACKGROUND OF THE INVENTION 

[0001] This invention is directed to the scanning devices, 
such as bar code scanners, and is more particularly con 
cerned With an arrangement for reading optical symbols, 
e.g., small tWo-dimensional bar code symbols, such as may 
be used to identify the part number and serial number of an 
electronic module or the like. The invention is more par 
ticularly concerned With a device that is combined With an 
illuminator for shining light on the bar code symbol or other 
symbol to enhance the visibility and detectability of the 
readable matter that constitutes the symbol. 

[0002] Recently, tWo dimension bar code systems have 
begun to be employed on small articles so that the article can 
be tracked thought a manufacturing process. For eXample, 
tWo dimensional bar code symbols are inscribed onto elec 
tronic parts, such as integrated circuits and printed circuit 
boards. Because of the high information density of the 2-D 
symbols, these can carry the part number, part serial number, 
and manufacturing history of the part, such as the place and 
date of manufacture, and all in a square that may be as small 
as three millimeters on a side. The symbols can be screen 
printed, ink jet printed, or laser-etched directly onto the top 
surface or the case of the device or part. HoWever, in order 
to read the bar code easily on the ?rst attempt, the illumi 
nation should impinge on the bar code symbol in a Way that 
fully illuminates it but avoids ?are from specular re?ection. 
Unfortunately, current 2-D bar code scanners do not have 
any Way of illuminating the bar code symbol at a loW angle 
relative to the surface Where it is inscribed, While the optic 
aXis of the reader is oriented normal, i.e., substantially 
perpendicular to that surface. 

[0003] Because of the small siZe of 2-D bar code symbols, 
the symbols can be difficult for the scanner to interpret 
Where the lighting is uneven or if the contrast is too loW. For 
eXample, DatamatriXTM bar code, Which has been selected as 
the EIA (Electronics Industry Association) standard for 
small parts marking, is in the form of a matriX of bars about 
three millimeters on a side. These are inscribed by laser 
etching onto the plastic or ceramic housing or package for 
the electronic module, or can be printed by an ink jet 
technique. In either event, if the lighting is such that the 
scanner picks up specular re?ection, the bar code symbol 
Will produce a Wash out, and may take several attempts to 
obtain a valid reading. Consequently, current bar code 
scanners have had some dif?culty in obtaining bar code data 
in industrial processes Where the small parts are to be 
identi?ed from these very small bar code symbols. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0004] Accordingly, it is an object of this invention to 
provide an improved illumination arrangement for a optical 
symbol scanning device that avoids the draWbacks of the 
prior art. 

[0005] It is another object to provide bar code scanner and 
loW angle illuminator arrangement that permits rapid and 
accurate reading of small, high density bar code symbols. 

[0006] It is a further object to provide a hand-held scanner 
and illuminator that permits a user to read and accurately 
decode a symbol on an article by contact With the article. 
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[0007] It is still a further object to provide an illuminator 
for a hand-held 2-D bar code scanner that can be incorpo 
rated into the Working or distal face of the scanner and Which 
provides loW angle illumination at the proper contact loca 
tion to illuminate the bar code symbol. 

[0008] It is yet a further object to provide a ?xed bar code 
scanner arrangement for identifying bar-coded parts that 
stream past, and Which incorporates a loW angle illuminator. 

[0009] According to one aspect of this invention, a scan 
ner assembly is con?gured for detecting and decoding a 
small-scale tWo-dimensional optical symbol, such as a 2-D 
bar code symbol, lying on a surface of an electronic module 
or other article. The scanner assembly can be a hand-held 

contact device, or can be a ?Xed (i.e., machine-mounted) 
device that reads the bar code symbols on articles that ?oW 
past it. The scanner assembly includes a loW-angle light 
delivery system that focuses the light from the scanner to the 
precise point Where the light is needed, and at an angle at 
Which problems from specular re?ection are considerably 
reduced. This provides an improved contrast ratio and 
achieves quicker, more successful decoding. This is espe 
cially useful Wherever very small bar code symbols are 
applied directly to the surface of the part, e.g., by ink-jet or 
screen printing, by peening, or by laser etching. These 
symbols characteristically have a loW contrast ratio, and are 
not easy to read and decode Where a conventional illumi 
nation system is used. HoWever, the loW angle light delivery 
system employed here optimiZes the readability by concen 
trating the lighting on the target bar code symbol at a sharp 
angle. The readability can be further enhanced by magnify 
ing the symbol. The angle at Which the light strikes the 
surface of the article minimiZes the “Wash out” effect caused 
by shiny or irregular surfaces. 

[0010] In one preferred embodiment, a portable, hand 
held scanner device is employed, having a distal face on 
Which is positioned a light-generating means for producing 
illumination to fall on the bar code symbol. This is oriented 
to shine distally. An objective lens or other focusing means 
focuses an image of the bar code symbol on an imager, e.g., 
a charge-coupled device (CCD) or a charge-injection device 
(CID) that is positioned proXimally of the lens in the housing 
of the scanner device. Here, the focusing means de?nes an 
optic aXis for the scanner. AloW-angle light delivery system 
is adapted to be mounted on the distal face of the scanner 
device. This may include a lens barrel having an optic aXis 
aligned With the optic aXis of said scanning device, and 
carrying a lens, e.g., at its distal end. The lens may be 
omitted from the lens barrel in some designs. There are at 
least one light pipe, and preferably a pair of light pipes 
sandWiching the lens barrel betWeen them. The light pipes 
have a ?at proximal face to receive illumination from the 
light-generating means and an angulated distal face for 
projecting the illumination at a sharp angle relative to the 
optic aXis. Here, the scanner arrangement is con?gured as a 
contact scanner and is to be positioned With the distal tip of 
the light pipe or pipes against the bar code symbol. In that 
position, the light from light delivery system impinges on 
the bar code symbol at a loW angle relative to the surface of 
the article, While the optic aXis of the scanner is substantially 
normal to the surface of the article. 

[0011] In another preferred embodiment, the bar code 
scanner assembly can be con?gured for ?Xed scanning 
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applications. In such case, the lens and imager are contained 
in a housing that is mounted in a ?xed position, With 
associated electronics also carried Withing the housing. The 
lens and imager de?ne an optic aXis. In this embodiment, the 
light delivery system involves an array of LEDs, laser 
diodes, or the like mounted in the housing at a position offset 
from the optic aXis, angled so that the light crosses the optic 
aXis at a sharp angle, e.g., 60-75 degrees. The parts to be 
scanned can pass beneath the scanner assembly on a plane 
at Which the image of the bar code symbols Will be in focus. 
When the bar code symbols are positioned at the optic aXis 
of the scanner device, the illumination impinges the symbols 
at a loW angle, e.g., 15-30 degrees, for optimal reading and 
decoding. 
[0012] Illumination is not limited only to light in the 
visible spectrum, but may be infrared or other Wavelengths. 

[0013] The above and many other objects, features, and 
advantages of this invention Will present themselves to 
persons skilled in this art from the ensuing description of 
preferred embodiments of this invention, as described With 
reference to the accompanying DraWing. 

BRIEF DESCRIPTION OF THE DRAWING 

[0014] FIG. 1 is a perspective vieW of an article carrying 
a tWo-dimensional bar code symbol. 

[0015] FIG. 2 is a perspective vieW illustrating the reading 
of the bar code symbol employing a bar code scanner With 
a loW angle illumination attachment according to an embodi 
ment of this invention. 

[0016] FIG. 3 is a side vieW of the scanner and illumina 
tion attachment of this embodiment. 

[0017] FIG. 4 is a front vieW of the scanner, With the 
attachment removed. 

[0018] FIG. 5 are is a top vieW of the scanner and 
illumination attachment. 

[0019] FIGS. 6 to 8 are a distal end vieW, a top vieW, and 
a side vieW of the light pipe employed in this embodiment. 

[0020] FIGS. 9 and 10 are a distal end vieW and a top 
vieW of the lens barrel member employed in this embodi 
ment. 

[0021] FIGS. 11 to 13 are a distal end vieW, a top vieW, and 
a side vieW of the illumination attachment of this embodi 
ment. 

[0022] FIG. 14 is a sectional vieW of a scanner With loW 
angle illumination arrangement according to another 
embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) 

[0023] With reference to the DraWing, FIG. 1 shoWs an 
electronics module 10, e.g., an integrated circuit, With a 
small, tWo-dimensional bar code symbol 12 carried on the 
top surface of its case or housing. In this case, the bar code 
symbol 12 can be a matrix symbology, such as DataMatriX, 
or alternatively, MaXicode, PDF41 7, AZtec, or another 
protocol. Alternatively, a linear bar code, full-siZe to ultra 
small, can be used, such as Codabar, UPC, or another 
symbology. The bar code symbol makes it possible to read 
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automatically the part number, part serial number, manufac 
turing history, and other important data about the module 10 
during various manufacturing stages, or later on during the 
product life, e.g., for Warranty purposes. HoWever, because 
of the small siZe of the bar code symbol 12, the same is often 
applied directly onto the surface of the module 10 by a laser 
etch technique, by a peening technique, or by an ink jet 
printing technique. In either case, loW contrast and specular 
re?ection of the illumination can make it very dif?cult to 
read the symbol. To this end, it has been desired to enhance 
the detectability (i.e., readability) of the symbol 10, espe 
cially Where it has been laser etched on the surface. Because 
laser etched areas are more visible When illuminated at a 

high incidence angle relative to the normal, the technique of 
this invention has been developed to illuminate the article 
such that the aXis of illumination is at a small angle relative 
to the etched surface. On the other hand, the optical aXis of 
the scanner is held at or near the normal, i.e., perpendicular, 
to the surface. 

[0024] Alternatively, the scanner 20 may be adapted to 
decode other symbols, or may read teXt as an optical 
character reader, or may reproduce images on the surface of 
the article. 

[0025] FIG. 2 shoWs a technique for reading the symbols 
on integrated circuit modules 10 that have been mounted on 
a printed circuit board 14. Here, a hand-held tWo-dimen 
sional bar code scanner 20 is employed, and Which carries 
a loW angle illumination attachment 22 according to an 
embodiment of this invention. The combination scanner and 
illumination attachment of this embodiment is designed as a 
contact scanner arrangement, With the tip of the illumination 
attachment 22 being held against the module 10 or other part 
to illuminate the symbol 12 at a loW angle, such as 15° 
relative to the surface of the module 10. At the same time, 
the optic aXis of the scanner 20, i.e., the proximal-distal aXis, 
is perpendicular or Within some range of perpendicular to 
the bar code symbol 12. 

[0026] FIG. 3 shoWs, generally, the scanner and illumi 
nation attachment, With the attachment 22 ?tted into the 
distal face of the scanner 20. The attachment 22 in this 
embodiment is made of a pair of clear plastic light pipes and 
an auXiliary lens arrangement sandWiched betWeen them. 
The auXiliary lens arrangement brings the image of the bar 
code symbol into proper focus When the symbol 12 is 
positioned at the distal tip of the illumination arrangement. 

[0027] FIG. 4 shoWs the distal, or Working face 24 of the 
hand held scanner 20. There is a focussing lens 26 at the 
central part of this face 24, With a CCD or other imager 
positioned behind it. On either side of these there are arrays 
28, 28 of LED’s, laser diodes, or similar devices. In the 
standard scanner device, the LEDs are con?gured to send 
light forWard, i.e., distally, generally parallel to the optic aXis 
de?ned by the lens and CCD of the scanner. 

[0028] As shoWn in FIG. 5, the attachment 22 comprises 
a pair of light pipes 30 With a light barrel member 32 
betWeen them. Each of the light pipes 30 is positioned over 
one set or array of LEDs 28, and the lens barrel member 32 
is aligned With the optic aXis of the scanner 20. As shoWn in 
FIGS. 6, 7, and 8, each of the light pipes 30 has a ?at base 
surface 31 that ?ts ?ush against the respective LED array, 
and a ?at inWard facing side 33 disposed parallel to the 
scanner optic aXis. The light pipe 30 is tapered on its 
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outward facing sides so that it has an angulated middle 
portion 34 that assists in concentrating the light to the tip, 
and a tip portion 36 that is angled at about 40° relative to the 
?at inWard Wall 33. Light is internally re?ected in the light 
pipe, and exits at the tip at an angle of 10° to 18° relative to 
the plane of the bar code symbol, i.e., about 72° to 80° 
relative to the optic axis. Furthermore, because of the taper 
betWeen back and front, the light is concentrated as it travels 
to the tip of the light pipe so that the light is much brighter 
on the region of interest, i.e., the bar code symbol 12. 

[0029] As shoWn in FIGS. 9 and 10, the lens barrel 
member 32 has square sides that mate against the inWard 
surfaces 33 of the associated light pipes 30. Abore or tunnel 
40 through the member 32 carries an auxiliary lens 42, 
Which can be ?tted into a recess at the distal end of the bore. 

Here, the lens 42 is a plano-convex focussing lens of 60 mm 
focal length and a 12 mm diameter. ScreWs 44 Which ?t 
openings in the member 32 hold the lens 42 in place. 

[0030] The illumination assembly 22 is then con?gured as 
shoWn in FIGS. 11, 12, and 13, Where the tWo light pipes 30 
are bonded to the lens barrel member 32. There is an open 
space betWeen the light pipes 30 distally of the lens barrel 
member 32. Also shoWn here are a pair of metal ribs 46 that 
are inserted into cooperating recesses in the light pipes 30 
and lens barrel member 32. These ribs 46 mate With coop 
erating structure on the distal face of the scanner 20 to hold 

the assembly 22 in place. 

[0031] The light pipes 30 of this embodiment are made of 
a clear acrylic material, although other materials could be 
used. Also, the light pipes could be holloW tubes, rather than 
solid members. Also, there may be more than tWo light 
pipes, or the device may employ only a single light pipe, 
depending on the application. 

[0032] FIG. 14 shoWs an embodiment of this invention in 
Which a bar code scanner 50 is ?xed in an environment, for 
example, above or beloW a line or conveyor on Which 

bar-coded products move past the scanner for identi?cation. 
Here, the scanner has an aluminum housing 52 containing 
electronics circuit boards 54 and 56 mounted Within it. A 
focusing lens 58 is positioned adjacent a WindoW 59 in the 
housing, and a CCD imager module 60 is positioned behind 
the lens 58, the imager module 60 and lens 58 de?ning an 
optic axis for the scanner 50, Which in this vieW is vertical. 
The lens 58 focuses images of bar code symbols 12 that are 
located on this axis in a plane beloW the WindoW 59. An 

array of LEDs or laser diodes 62 (one only shoWn here) are 
offset from the optic axis behind a WindoW in the housing 52. 
These LEDs are oriented to project light at a loW angle onto 
the bar code symbol 12. Here, there is a single array 62 on 
one side of the optic axis, but there may be more than one 
such array, and illumination may be incident from more than 
one side. A connector 66 connects to other equipment and 

serves to input poWer to the scanner and to output decoded 
bar code information. 

[0033] While the invention has been described and illus 
trated in respect to a feW selected preferred embodiments, it 
should be appreciated that the invention is not limited only 
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to those precise embodiments. Rather, many modi?cations 
and variations Would present themselves to those of skill in 
the art Without departing from the scope and spirit of this 
invention, as de?ned in the appended claims. 

I claim: 
1. An optical symbol scanner assembly for detecting and 

decoding a symbol lying on a surface of an article, com 
prising 

a scanner device having a distal face on Which is posi 
tioned a light-generating means for producing illumi 
nation to fall on said symbol, and focusing means for 
focusing an image of said symbol on an imager device 
positioned proximally thereof in said scanner device, 
said focusing means de?ning an optic axis; and 

an illumination assembly adapted to be mounted on the 
distal face of said scanner device, including a lens 
barrel member having an optic axis aligned With the 
optic axis of said scanning device, and at least one light 
pipe having a ?at proximal face to receive illumination 
from said light-generating means and an angulated 
distal face for projecting said illumination at a sharp 
angle relative to said optic axis, such that When a distal 
end of said illumination assembly is positioned in 
contact With said article, the illumination impinges on 
said symbol at a loW angle relative to the surface of said 
article With said optic axis thereof substantially normal 
to the surface of said article. 

2. An optical symbol scanner assembly according to claim 
1 Wherein said lens barrel member includes an auxiliary 
lens. 

3. An optical symbol scanner assembly according to claim 
1 Wherein said at least one light pipe includes a pair of said 
light pipes disposed on opposite sides of said lens barrel 
member and parallel thereto. 

4. An optical symbol scanner assembly according to claim 
3 Wherein each said light pipe is in the form of a transparent 
solid member having a ?at proximal side disposed against 
said distal face of said scanner device, an inWard side rising 
from said proximal side and facing toWard the optic axis, 
and an outWard side rising from the distal face of the scanner 
device and having a distal portion that is angulated to meet 
the inner side thereof at a distal tip. 

5. An optical symbol scanner assembly according to claim 
4 Wherein the distal portion of said outWard side of said 
transparent solid member is angulated at substantially 40 
degrees to said inWard side thereof. 

6. An optical symbol scanner assembly according to claim 
4 Wherein said outWard side has a tapered central portion 
betWeen said proximal face and said distal portion. 

7. An optical symbol scanner assembly according to claim 
4 Wherein said solid tranparent member is formed of a clear 
acrylic. 

8. An optical symbol scanner assembly for detecting and 
decoding a tWo-dimensional optical symbol lying on a 
surface of an article, comprising 

a housing; 

a scanner device Within said housing including an imager 
device and focusing means for focusing an image of 
said optical symbol on said imager device, said focus 
ing means de?ning an optic axis; and 
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an illumination arrangement mounted in said housing at 
one or more sides of said optic aXis and having an 
illumination direction that is angulated to project light 
therefrom at a sharp angle to said optic axis, such that 
When said article is oriented at a predetermined position 
on said optic axis, the light from said illumination 
impinges on said optical symbol at a loW angle relative 
to the surface of said article With said optic aXis 
substantially normal to the surface of said article. 
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9. An optical symbol scanner assembly according to claim 
8 Wherein said illumination arrangement includes an array of 
LEDs mounted at a distal face of said housing and spaced 
from said optic aXis. 

10. An optical symbol scanner assembly according to 
claim 9 Wherein said LEDs are laser diodes. 


