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(57) ABSTRACT 

An apparatus and method for imaging loW contrast one and 
two-dimensional symbols are provided. A light source 
directs light onto a target that includes a 10W contrast 
symbol. An imaging element receives light re?ected off of 
the target and creates an image of the target therefrom. A 
light level detector determines the intensity level of the light 
received by the imaging element, and When the intensity 
level exceeds a predetermined threshold, a controller causes 
the image data created by the imaging element to be stored 
in a data memory. In an embodiment of the invention, a light 
Wand is provided With the light source and imaging element. 
The light Wand is adapted to read loW contrast bar code 
symbols disposed on a substrate material using specular 
light re?ected from the bar code symbols by maintaining the 
light Wand at an optimum angle With respect to the substrate 
material. A alignment tip may further be utilized With the 
light Wand to ensure that the light Wand is maintained at the 
optimum angle. 
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METHOD AND APPARATUS FOR UTILIZING 
SPECULAR LIGHT TO IMAGE LOW CONTRAST 

SYMBOLS 

RELATED APPLICATION DATA 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 08/680,239, ?led Jul. 11, 1996, and noW 
issued as US. Pat. No. on 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to electro-optical 
scanners for reading a one or tWo-dimensional bar code 
symbology, and more particularly, to a hand held scanner 
capable of specular imaging in very loW contrast symbology 
environments. 

[0004] 2. Description of Related Art 

[0005] Optical imaging systems are commonly used to 
decipher data symbols printed on objects in order to identify 
the objects or to capture information relating to the object. 
A bar code symbol represents a common one-dimensional 
form of symbology, and comprises a pattern of vertical bars 
of various Widths separated by spaces of various Widths. 
Because the bar and space elements have different light 
re?ecting characteristics, a reader can convert the symbol 
ogy into an electrical signal by analyZing the light re?ected 
from the symbol. The electrical signal can then be decoded 
to provide an alphanumeric representation of the symbol 
Which identi?es the object. Bar code symbols of this nature 
are noW in common usage in various applications, such as 

inventory control, point of sale identi?cation, or logistical 
tracking systems. 

[0006] Since the conventional one-dimensional symbol 
ogy requires a relatively large amount of space to convey a 
correspondingly small amount of data, so-called tWo-dimen 
sional bar code symbologies have been developed. A tWo 
dimensional symbology may comprise a matrix that occu 
pies a uniform amount of space having a generally 
rectangular or square shape. Instead of bars and spaces, 
round or square marks disposed at particular roWs and 
columns of the matrix correspond to the information being 
conveyed. As a result, a tWo-dimensional matrix symbology 
can compress signi?cantly more data into a given volume of 
space than a conventional one-dimensional bar code. 

[0007] As knoWn in the art, the tWo-dimensional symbols 
are read by scanners that convert the symbols into pixel 
information, such as described in US. Pat. No. 4,988,852 
issued to Krishnan. The pixel information is in turn deci 
phered into the alphanumeric information represented by the 
symbol. Such scanners often utiliZe charge-coupled device 
(CCD) technology to convert optical information from the 
symbol into an electrical signal representation of the matrix. 
A light source illuminates the symbol, and diffuse light 
re?ected off the symbol is focused onto the surface of the 
CCD device. The tWo-dimensional scanners may be pro 
vided in a portable device so that they can be brought into 
close proximity With the item on Which the symbol is placed, 
such as disclosed in US. Pat. No. 5,378,883 issued to 
Batterman et al. The scanner may also be provided in a 
?xed-position device that images items as they pass by, such 
as on a production line. 
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[0008] In one particular application of a tWo-dimensional 
symbology, a small symbol can be placed directly onto items 
having loW surface area, such as electronic components. The 
tWo-dimensional symbol could be formed directly onto the 
ceramic or plastic package of the electronic components by 
laser etching or other precision machining process. Since a 
tWo-dimensional symbology can compress ?fty or more 
characters of data Within a relatively small dimensional 
space, the symbol can store a unique identi?er code for the 
component, including such information as serial number, lot 
number, batch number, model number, and/or customer 
code. The symbols can be used to automate the manufac 
turing or testing processes, and may also enable manufac 
turers to protect against component theft or forgery. 

[0009] Another application of tWo-dimensional symbol 
ogy is in the marking of silicon Wafers used in manufactur 
ing integrated circuits. As knoWn in the art, a lithographic 
process is used to form onto a silicon substrate the detailed 
features associated With individual components that collec 
tively comprise an integrated circuit. In the lithographic 
process, a desired circuit layout is projected onto the sub 
strate through a mask or reticle. The substrate is coated With 
a resist material that is sensitive to the particular Wave 
lengths of light that pass to the substrate through transparent 
regions of the mask. The resist material undergoes a chemi 
cal transformation at the portions exposed to light, permit 
ting selective removal of the resist material leaving an image 
of the circuit layout printed on the substrate. Using the same 
lithographic process, a tWo-dimensional symbol can be 
printed directly onto the substrate. Ideally, the tWo-dimen 
sional symbol Would be disposed in an unused region of the 
Wafer or close to an edge of the Wafer. 

[0010] A signi?cant draWback of such etched, printed or 
machined symbols is that they have very loW contrast and, 
as a result, are difficult to image. Since the symbol characters 
are formed by shalloW cuts into the surface of a component 
or substrate, there is little color difference betWeen the 
characters and the remaining uncut surface area. Also, 
electronic components often have a dull black ?nish that 
tends to further obscure the symbol characters. The charac 
ters can only be distinguished by the slight difference in 
shade due to shadoWs Which form in the etched regions. 
Another factor to consider in the imaging of such loW 
contrast symbols onto silicon Wafers is the delicate nature of 
the Wafers and the undesirability of having a portion of the 
scanner come into physical contact With the substrate sur 
face of the Wafers. 

[0011] US. Pat. No. 5,393,967 issued to Rice et al. dis 
closes a system for reading symbols encoded as a loW 
contrast relief pattern. The disclosed system sWeeps or scans 
a line of light across the relief pattern at a ?rst angle and 
vieWs light re?ected off of the relief pattern at a second 
angle. The system disclosed in the Rice patent necessarily 
utiliZes relatively complex mechanical and optical systems, 
Which presents a draWback to the system. 

[0012] Accordingly, a need exists for a method and appa 
ratus for making images of loW contrast symbols. Such a 
method and apparatus Would be highly desirable in the 
manufacture of electronic components and silicon Wafers. 
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SUMMARY OF THE INVENTION 

[0013] In accordance With the teachings of the present 
invention, an apparatus and method that permits specular 
imaging of loW contrast symbols is provided. 

[0014] Particularly, the imaging device of the present 
invention includes a light source for directing light onto a 
target that includes a loW contrast symbol. An imaging 
element receives specular light re?ected off of the target and 
creates an image of the target therefrom that is stored in a 
data memory. A light level detector may also be used to 
determine the intensity level of the light received by the 
imaging element, and When the intensity level exceeds a 
predetermined threshold, a controller causes the image data 
created by the imaging element to be stored in the data 
memory. 

[0015] In an embodiment of the invention, a light Wand is 
provided With the light source and imaging element. The 
light Wand is adapted to read loW contrast bar code symbols 
disposed on a substrate material using specular light 
re?ected from the bar code symbols by maintaining the light 
Wand at an optimum angle With respect to the substrate 
material. An alignment tip may further be utiliZed With the 
light Wand to ensure that the light Wand is maintained at the 
optimum angle. The alignment tip includes a notched por 
tion adapted to engage an edge of the substrate material so 
as to train an operator to maintain the optimum angle for 
specular light imaging. 
[0016] A more complete understanding of the present 
invention Will be afforded to those skilled in the art, as Well 
as a realiZation of additional advantages and objects thereof, 
by the folloWing detailed description of the preferred 
embodiment. Reference Will be made to the appended sheets 
of draWings Which Will ?rst be described brie?y. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 illustrates specular and diffuse light 
re?ected off of a surface; 

[0018] FIG. 2 illustrates an exemplary embodiment of an 
imaging system of the present invention; 

[0019] FIGS. 3A-3C illustrate positioning of the imaging 
system of FIG. 2 so as to receive re?ected specular light; 

[0020] FIG. 4 illustrates an exemplary process for con 
trolling operation of the embodiment illustrated in FIG. 2; 

[0021] FIG. 5 illustrates an alternative embodiment of the 
imaging system; 

[0022] FIG. 6 illustrates an exemplary process for con 
trolling operation of the embodiment illustrated in FIG. 5; 

[0023] FIG. 7 illustrates an embodiment of the imaging 
system adapted for use With symbols printed onto silicon 
Wafers; 
[0024] FIG. 8 illustrates a side vieW of a light Wand used 
in the imaging system of FIG. 7; and 

[0025] FIG. 9 illustrates an end vieW of the light Wand of 
FIG. 8. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0026] The present invention satis?es the need for a 
method and apparatus for making images of loW contrast 
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symbols, by utiliZing specular light that has re?ected off of 
a symbol to create an image of the symbol. In the detailed 
description that folloWs, like element numerals are used to 
describe like elements that are illustrated in one or more of 
the ?gures. 

[0027] As illustrated in FIG. 1, tWo types of light are 
produced When light 22 re?ects off of a surface 28: a) 
specular light 24; and b) diffuse light 26. Specular light 24 
is that portion of the original light 22 that re?ects directly off 
of the surface 28. Diffuse light 26, on the other hand, is that 
portion of the original light 22 Which is scattered When the 
original light 22 hits the surface 28. As also illustrated in 
FIG. 1, specular light 24 is concentrated along a path having 
an angle of re?ection 0 that is approximately equal to the 
angle of incidence I of the original light 22, While diffuse 
light 26 is scattered in all directions aWay from the point of 
re?ection of the original light 22. Because most of the 
original light 22 is re?ected directly off of the surface 28, 
specular light 24 is far more intense than diffuse light. 

[0028] Prior art imaging systems use only diffuse light to 
create an image of a target 28. This is because an imaging 
system need not be precisely positioned to received diffuse 
light, and diffuse light is suf?ciently intense to illuminate the 
color and shading distinctions in a typical printed bar code. 
Because specular light is far more intense than diffuse light 
and Would overpoWer, or “blind,” a system designed to 
receive diffuse light, prior art systems typically include a 
?lter to remove any specular light from the light that is 
re?ected onto the imaging system. Such systems also typi 
cally include a gain control circuit to boost the level of 
electrical signals produced from the diffuse light to obtain an 
image. 

[0029] In contrast to prior art imaging systems, the present 
invention utiliZes specular light 24 to create an image of a 
loW contrast symbol, such as an etched, printed or machined 
bar code symbol. Specular light 24 is utiliZed because it is 
signi?cantly more intense than diffuse light, and is therefore 
able to illuminate the subtle color or shading or surface 
texture distinctions betWeen characters in a loW contrast bar 
code symbol. As described above, the characters in a loW 
contrast bar code symbol can be distinguished only by the 
slight difference in shade due to shadoWs Which form in the 
more deeply etched regions of the symbol. Diffuse light 
usually cannot be utiliZed because it is not suf?ciently 
intense to illuminate such subtle color or shading distinc 
tions. 

[0030] Referring next to FIG. 2, an exemplary embodi 
ment of an imaging system 100 that includes the teachings 
of the present invention is illustrated. The system 100 
includes a program memory 102, a microprocessor 104, a 
data memory 106, an imaging element 110, a light level 
detector 108, and a light source 112. The system 100 may 
also include a gain control (not shoWn) for controlling the 
output level of signals produced by the imaging element 
110. The entire imaging system 100 may be contained 
Within a single unit. Alternatively, the elements may be 
distributed so that a simple, lightWeight unit is used to create 
image data and transmit the data to a central unit for further 
processing. The image data may then be transmitted to an 
attached computer, stored locally for later transfer or for 
Warded to an application program resident Within the imag 
ing system itself. 
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[0031] The microprocessor 104 controls one or more 
operations of the imaging system 100 in accordance With 
instruction sets, e.g., softWare or ?rmware, stored in the 
program memory 102. As Will be explained in more detail 
below, the microprocessor 104 controls activation of the 
light source 112 and the storing of data in the data memory 
106. The microprocessor 104 may also perform other opera 
tions, such as decoding image data stored in the data 
memory 106, transferring the image data to other systems, 
etc. 

[0032] Any conventional microprocessor may be used 
With the present invention, such as the TI-C30 processor 
available from Texas Instruments, Inc. The program 
memory 102 is preferably a semiconductor-based read only 
memory (ROM) device because such devices are non 
volatile and permit the stored instructions to remain in 
storage Within the devices even after electrical poWer is 
removed. It should be apparent that the functions performed 
by the stored instruction set may also be accomplished by 
traditional hard Wired circuits, but softWare or ?rmWare 
systems are preferred due to their relative simplicity, adapt 
ability to change, and loW cost. It should also be apparent 
that the ROM devices may further be erasable or program 
mable, so that modi?cations or revisions to the softWare can 
be implemented as desired. Moreover, other permanent 
storage media can be utiliZed as program memory 102, such 
as magnetic or optical disks. 

[0033] A light source 112 activated under the control of 
the microprocessor 104 is used to generate light 22. When 
the system 100 is positioned in proximity to a target 114, the 
generated light 22 illuminates the target 114. The light 
source can comprise any Well knoWn mechanism for gen 
erating light such as an incandescent light source, a light 
emitting diode (LED), laser diode, etc. Light re?ects off of 
the target 114 and onto an imaging element 110. The 
imaging element 110 converts the received light 24 into a 
plurality of electrical signals that correspond to the intensity 
of the received light. The plurality of electrical signals are 
then ampli?ed and converted into digitiZed data, Which 
represent an image of the target 114. 

[0034] The imaging element 110 may comprise a charge 
coupled device (CCD). Typically, a CCD comprises a one 
dimensional or tWo-dimensional array of adjacent photo 
diodes With each photodiode de?ning a distinct picture 
element (i.e., pixel) of the array. It should be noted that the 
array of the CCD imaging element is not limited to any 
particular pattern. For example, the array can be arranged in 
the usual order of linear roWs and columns; the array can be 
arranged in a diamond pattern in Which the roWs are linear 
and the columns are offset in a regular fashion; or, the array 
can be arranged in any other pattern in Which the photo 
diodes are ordered relative to each other. Each photodiode of 
the CCD array generates a voltage and/or current that 
represents the intensity of the light re?ected onto the par 
ticular photodiode. The CCD array is scanned electronically 
by activating the individual photodiodes in a sequential 
manner in order to produce an output signal containing the 
voltage and/or current levels from each photodiode. The 
detected voltage and/or current levels are then ampli?ed and 
converted to binary data values. 

[0035] After the imaging element 110 converts the 
received light 24 into binary data values representing an 
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image of the target 114, the binary data values are transmit 
ted to a data memory 106, Which may comprise a conven 

tional semiconductor-based random access memory Upon receiving a “Write” signal from the microprocessor 

104, the transmitted binary data values are stored in the data 
memory 106. The imaging element 110 further includes a 
light level detector 108 for detecting the intensity level of the 
light 24 re?ected onto the imaging element. The light level 
detector 108 preferably provides a digitiZed output to the 
microprocessor 104 indicating the instantaneous intensity 
level of the light 24 re?ected onto the imaging element 110. 
Such light level detectors are Well knoWn in the art, and any 
suitable detector can be used With the present invention. 

[0036] As shoWn in FIGS. 3A-3C, re?ected specular light 
24 from the light source 112 is received by the imaging 
element 110 only if the imaging system 100 is precisely 
positioned With respect to the target 114. The light level 
detector 108 alloWs the system 100 to automatically deter 
mine When the system is positioned such that specular 
light—as opposed to only diffuse light—is re?ected onto the 
imaging element 110. As Will be explained in more detail 
beloW, the microprocessor 104 is programmed to cause 
image data produced by the imaging element 110 to be 
stored in the data memory 106 only When the intensity of the 
light re?ected onto the imaging element is comparable to 
that of specular light. 

[0037] An exemplary program for controlling operation of 
the system 100 illustrated in FIG. 2 Will noW be described 
With reference to FIG. 4. In response to an activate light 
source signal 120, the microprocessor executes the process 
shoWn in FIG. 4. Initially, the light source 112 is activated 
at step 402. DigitiZed data from the light level detector 108 
representing the intensity level of light 24 re?ected onto the 
imaging element 110 is then compared to a predetermined 
threshold value at step 404. The predetermined threshold 
corresponds approximately to the intensity level of specular 
light re?ected off of the target 114. If it is determined at step 
404 that the digitiZed light intensity level signal from the 
light level detector 108 does not exceed the predetermined 
threshold, processing proceeds to step 406, Where it is 
determined Whether the activate light source signal 120 is 
still activated. If so, steps 404 and 406 are continuously 
repeated until either the digitiZed light intensity level signal 
from the light level detector 108 exceeds the predetermined 
threshold or the activate light source signal 120 is no longer 
active. 

[0038] If it is determined at step 404 that the digitiZed light 
intensity level signal from the light level detector 108 
exceeds the predetermined threshold indicating that specular 
light is being re?ected onto the imaging element 110, 
processing proceeds to step 408, Where the microprocessor 
outputs a “Write” signal to the data memory 106, storing the 
image data produced by the imaging element 110. A signal, 
such as an audible beep, indicating the successful comple 
tion of the storing operation may be created in conjunction 
With step 408. The light source is then deactivated at step 
410 and processing ends. If it is determined at step 406 that 
the activate light source signal 120 is no longer active, 
processing proceeds directly to step 410. 

[0039] An alternative embodiment of the imaging system 
Will noW be explained With reference to FIG. 5. As Will be 
explained in more detail beloW, the alternative embodiment 
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is capable of reading printed bar codes using diffuse light 
and etched bar codes using specular light. The alternative 
embodiment illustrated in FIG. 5 includes a program 
memory 102, microprocessor 104, data memory 106, light 
source 112, and imaging element 110 that are similar to like 
elements described above in connection With FIG. 3. 

[0040] A ?lter 520 is also included to ?lter the light 
re?ected onto the imaging element 110. For example, the 
specular light may be predominantly polariZed in a particu 
lar orientation, While the diffuse light may be substantially 
non-polariZed. A conventional polariZed ?lter Would then be 
capable of removing the specular light and permitting the 
diffuse light to transmit therethrough. The ?lter 520 blocks 
specular light, alloWing only diffuse light to pass. The ?lter 
520 is movable by a motor 522, Which moves the ?lter from 
a position directly in front of the imaging element 110 to a 
position aWay from the imaging element. Thus, When the 
?lter 520 is positioned directly in front of the imaging 
element 110, only diffuse light reaches the imaging element. 
On the other hand, When the ?lter 520 is positioned aWay 
from the imaging element 110, specular light can reach the 
imaging element. The ?lter includes a light level detector 
108 that operates similarly to the light level detector 
described above in connection With FIG. 3. 

[0041] A gain control 524 for controlling the output level 
of electrical signals produced by the imaging element 110 is 
also included. As Will be explained in more detail beloW, the 
gain control 524 is set at a relatively high level While the 
light level detector 108 detects only diffuse light, but is set 
at a loWer level When the light level detector detects specular 
light. This is necessary because, as explained above, the 
intensity level of diffuse light is signi?cantly less than the 
intensity level of specular light. Consequently, the levels of 
the electrical signals produced by the imaging element 110 
in response to diffuse light are signi?cantly loWer than the 
levels of the electrical signals produced in response to 
specular light. 

[0042] An exemplary program for controlling operation of 
the alternative embodiment illustrated in FIG. 5 Will noW be 
described With reference to FIG. 6. The process illustrated 
in FIG. 6 is similar to the process illustrated in FIG. 4 With 
the folloWing differences. The process illustrated in FIG. 6 
includes step 602 for storing image data produced by the 
imaging element 110 from diffuse light. Also, When it is 
determined at step 404 that the light level detector 108 is 
detecting specular light, the process illustrated in FIG. 6 
moves the ?lter 520 aWay from the imaging element 110 at 
step 604 so that the specular light hits the imaging element. 
The process also reduces the gain of the electronic signals 
produced by the imaging element 110 at step 606. The 
process then causes the image data produced by the imaging 
element 110 in response to the specular light to overWrite 
image data previously stored in the data memory 106 at step 
408. An indicator is set at step 608 indicating that image data 
stored in the data memory 106 Was produced from specular 
light. 

[0043] It should be noted that image data produced from 
specular light Will be inverse With respect to image data 
produced from diffuse light. That is, a dark element in an 
image produced from diffuse light Would appear light in an 
image produced from specular light, and likeWise a light 
element in an image produced from diffuse light Would 
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appear dark in an image produced from specular light. The 
indicator set at step 608, Which indicates that the image data 
stored in the image memory 106 Was produced from specu 
lar light, can be utiliZed in decoding the image data. Numer 
ous suitable methods for decoding image data are knoWn to 
those skilled in the art and any such method may be utiliZed 
With the present invention. 

[0044] Referring noW to FIGS. 7-9, an embodiment of the 
present imaging system adapted for use in reading loW 
contrast symbols is illustrated. A substrate 300, such as a 
silicon Wafer, includes a bar code symbol 302 formed 
thereon by knoWn processes, such as by etching, photo 
lithography or machining. The bar code symbol 302 is 
disposed close to an edge of the substrate. As shoWn in FIG. 
7, the bar code symbol 302 comprises a one-dimensional bar 
code symbol, though it should be appreciated that tWo 
dimensional bar code symbols can also be advantageously 
utiliZed. It should also be appreciated that use of the present 
imaging system Would not be limited to symbols disposed 
silicon Wafers, but Would be applicable to a variety of 
different structures having loW contrast symbols disposed 
thereon, such as metallic or shiny surfaces. 

[0045] The imaging system comprises a light Wand 312 
coupled to a scanner unit 310 through an electrical cable 
315. The light Wand 312 comprises a cylindrical housing 
that encloses both the light source 112 and imaging element 
110 of the imaging system 100 described above With respect 
to FIG. 2. A common lens 316 is shared by both the light 
source 112 and the imaging element 110, such that light 
transmitted by the light source 112 passes through the 
common lens, and light re?ected back to the light Wand 312 
passes through the common lens to the imaging element 110. 
The common lens 316 is disposed at a distal end of the light 
Wand 312 and is axially symmetric With the cylindrical 
housing of the light Wand. The remaining elements of the 
imaging system, including the microprocessor 104, the 
program memory 102 and the data memory 106 are disposed 
in the scanner unit 310, Which communicate With the light 
source 112 and the imaging element 110 in the light Wand 
312 by electrical signals passing through the cable 315. 
Instead of the cable 315, it should be appreciated that other 
knoWn methods for communication betWeen the light Wand 
312 and the scanner unit 310 may also be utiliZed, such as 
Wireless RF communication or infrared light. 

[0046] As generally knoWn in the art, a light Wand is most 
effective at reading conventional bar code symbols by 
disposing the light Wand at an angle (such as 450) betWeen 
the plane of the media surface on Which the bar code symbol 
is disposed and the perpendicular to the plane. This is 
because conventional light Wands are adapted to receive 
diffuse light re?ected from the media surface, for the reasons 
described above. By disposing the light Wand closer to 
perpendicular to the plane, such as illustrated in FIG. 3C, 
specular light is re?ected back to the imaging element. The 
present embodiment of the invention seeks to encourage, 
rather than discourage, the collection of specular light 
re?ected from a loW contrast bar code symbol. 

[0047] More particularly, the light Wand 312 effectively 
reads loW contrast bar code symbols, such as the symbol 302 
printed onto a silicon Wafer 300, using specular light by 
controlling the angle at Which the light Wand is oriented With 
respect to the surface of the Wafer. As described above, the 
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specular light received by the imaging element of the light 
Wand 312 Will be used to generate a reverse image of the loW 
contrast bar code symbol, Which may thereafter be decoded 
using conventional processes. Alternatively, the loW contrast 
bar code symbols may be created in an inverse fashion, 
Whereby the bars are marked and the spaces are left 
unmarked, alloWing the spaces to produce a larger signal 
than the bars When vieWed using specular re?ection. Sym 
bols created in this fashion can be decoded utiliZing standard 
procedures. Effective operation of a light Wand in receiving 
specular light re?ection has been found by maintaining the 
light Wand at an angle ranging from approximately 3-7° 
from the perpendicular. It should be appreciated that com 
mercial embodiments of the light Wand may have slight 
variations of this optimum angle that may be easily deter 
mined by one of ordinary skill in the art by consideration of 
the foregoing discussion. 

[0048] To further aid in improving the pro?ciency of 
operators to properly use the light Wand 312, an alignment 
tip 314 is included. The alignment tip 314 comprises a 
cylindrical sleeve having a hemispherical notch removed. 
The sleeve has an inside diameter siZed to snugly engage 
over the housing of the light Wand 312, With a distal end of 
the alignment tip 314 extending slightly past the lens 316 of 
the light Wand. The hemispherical notch provides a ?rst 
surface 322 and a second surface 324 that are normal to each 
together. The ?rst surface 322 extends roughly parallel to a 
central axis of the light Wand 312 housing and along a 
diameter of the light Wand housing. The second surface 324 
extends roughly perpendicular to the central axis of the light 
Wand 312. The actual angles of the ?rst and second surfaces 
322, 324 are determined by the optimum angle for the light 
Wand 312 to receive specular light, as discussed above. 

[0049] To operate the light Wand 312 With the alignment 
tip 314, the light Wand is brought into proximity With the 
Wafer 300 such that the ?rst surface 322 engages an edge of 
the Wafer and the second surface 324 engages the surface of 
the Wafer on Which the bar code is disposed. The orientation 
of the ?rst and second surfaces 322, 324 are selected such 
that the light Wand 312 is in an optimum position for 
received specular light When the ?rst and second surfaces 
are ?ush to the edge and surface of the Wafer, respectively. 
The lens 316 terminates slightly beloW the second surface 
324 (as shoWn in FIG. 8), so that the lens does not come into 
contact With the surface of the Wafer. The light Wand 312 is 
moved laterally by the user With the ?rst surface 322 sliding 
along the edge of the Wafer and the lens 316 passing over the 
entire bar code symbol 302. After an operator becomes 
accustomed to the appropriate angle to hold the light Wand 
312 With respect to the Wafer 300, it may be possible for the 
operator to remove the alignment tip 314. To prevent harm 
to the silicon Wafer 300 by contact With the alignment tip 
314, the alignment tip may be comprised of a non-abrasive 
material, such as Delrin or Te?on. 

[0050] Having thus described several alternative embodi 
ments of the present invention, it should be apparent to those 
skilled in the art that certain advantages have been achieved. 
It should also be appreciated that various modi?cations, 
adaptations, and alternative embodiments thereof may be 
made Within the scope and spirit of the present invention. 
For example, although the embodiments of the present 
invention described above include a light level detector 108 
and the automatic generation of a Write control signal (not 
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shoWn) to the data memory 106, a simpli?ed embodiment of 
the present invention could be constructed by eliminating 
the light level detector 108 and replacing the automatically 
activated Write signal With a manually activated Write signal. 
In such an embodiment, the user Would manually activate 
the Write control signal to the data memory 106 When the 
imaging system 100 is positioned With respect to the target 
114 so as to receive specular light 24 re?ected off of the 
target as illustrated in FIG. 3c. The invention is limited only 
by the folloWing claims. 

What is claimed is: 
1. An apparatus for reading loW contrast symbols dis 

posed on a substrate, comprising a Wand including a light 
source for directing source light onto a loW contrast symbol 
and an imaging element for receiving light re?ected from 
said loW contrast symbol, said Wand being oriented With 
respect to said substrate such that said re?ected light com 
prises predominantly specular re?ected light. 

2. The apparatus of claim 1, further comprising a proces 
sor coupled to said Wand for processing image data of said 
loW contrast symbol from said specular re?ected light. 

3. The apparatus of claim 1, further comprising means for 
maintaining said Wand in a proper orientation With respect to 
said substrate. 

4. The apparatus of claim 3, Wherein said orientation 
maintaining means further comprises a alignment tip 
coupled to a distal end portion of said Wand, said alignment 
tip comprising a notched portion adapted to engage an edge 
of said substrate. 

5. The of apparatus claim 2, Wherein said processor 
further comprises: 

threshold determining means for determining Whether an 
amount of said received light exceeds a predetermined 
threshold; 

a memory; and 

means for causing said image data created by said imag 
ing means to be stored in said memory if said threshold 
determining means determines that said amount of 
received light exceeds said predetermined threshold. 

6. The apparatus of claim 5, further comprising light 
amount determining means for determining said amount of 
received light. 

7. The apparatus of claim 6, Wherein said threshold 
determining means comprises program code for instructing 
a processor to compare said amount of light determined by 
said light amount determining means With said predeter 
mined threshold. 

8. The apparatus of claim 7, Wherein said means for 
causing said image data to be stored in said memory 
comprises program code for instructing said processor to 
output a Write signal to said memory if said comparison 
indicates that said amount of light determined by said light 
amount determining means exceeds said predetermined 
threshold. 

9. A method for imaging a loW contrast symbol disposed 
on a substrate utiliZing a light Wand comprising a light 
source and an imaging element, said method comprising: 

directing source light from said light source of said light 
Wand onto said symbol, said source light re?ecting off 
of said target as re?ected light, said re?ected light 
comprising a specular portion and a diffuse portion; 
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orienting said light Wand With respect to said substrate so 
that said imaging element receives light comprising 
predominantly said specular portion of said re?ected 
light; 

moving said light Wand across said symbol; and 

decoding data of said symbol from said specular portion 
of said light received by said imaging element. 

10. The method of claim 9, further comprising the step of 
maintaining said light Wand in a proper orientation With 
respect to said substrate. 

11. The method of claim 9, further comprising the step of 
determining Whether an amount of said light received by 
said imaging element exceeds a predetermined threshold. 

12. The method of claim 9, further comprising the step of 
forming said loW contrast symbol using a polarity opposite 
a corresponding polarity of diffuse light re?ective symbols. 

13. An apparatus for reading loW contrast symbols dis 
posed on a substrate, comprising: 

a light source for directing source light onto a loW contrast 
symbol; 

an imaging element for receiving light re?ected from said 
loW contrast symbol, said re?ected light comprising a 
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specular portion and a diffuse portion, said imaging 
element and said light source being oriented With 
respect to said substrate such that said re?ected light 
comprises predominantly said specular portion; and 

a processor coupled to said imaging element for discrimi 
nating betWeen said specular and diffuse portions of 
said re?ected light and to process image data of said 
loW contrast symbol from said specular portion. 

14. The apparatus of claim 13, further comprising a Wand 
adapted for manipulation by an operator, said Wand further 
comprising said light source and said imaging element. 

15. The apparatus of claim 13, further comprising means 
for maintaining said Wand in a proper orientation With 
respect to said substrate. 

16. The apparatus of claim 15, Wherein said orientation 
maintaining means further comprises a alignment tip 
coupled to a distal end portion of said Wand, said alignment 
tip comprising a notched portion adapted to engage an edge 
of said substrate. 


