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Method and System for Scanning a Code on a Transparent Part

FIELD
[0001] Embodiments of the present disclosure generally relate to scanning codes

on parts, and more specifically, to scanning codes on or in transparent parts.

BACKGROUND

[0002] Codes may be used for part tracing. For example, two-dimensional codes
applied to non-transparent parts like aluminum and stainless steel, having a
sufficient contrast may be scanned by scanners, such as barcode scanners and QR
code readers. However, the inventors have observed that transparent parts, such
as glass or quartz, do not have sufficient reflectivity and contrast to allow two-

dimensional codes on or in the transparent parts to be read by some scanners.

[0003] Accordingly, the inventors provide embodiments of methods and systems to

improve scanning of codes on or in transparent parts.

SUMMARY

[0004] Methods and apparatus for scanning a code on or in a transparent part are
provided herein. In some embodiments, a method for scanning a code on or in a
transparent part includes: illuminating the code to generate a projected image of the
code on a projection surface spaced from the transparent part; and machine

scanning the projected image.

[0005] In some embodiments, a system for scanning a code on or in a transparent
part includes: a support structure configured to support the transparent part spaced
apart from a projection surface; and a light source configured to illuminate the code

to generate a projected image of the code on the projection surface.

[0006] In some embodiments, a method for scanning a code on or in a transparent
part includes: positioning the transparent part at a spaced location between a
projection surface and a light source; generating a projected image of the code on a
projection surface by illuminating the code using the light source; scanning the

projected image; and decoding the code based on scanning the projected image.
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[0007]1 Other and further embodiments of the present disclosure are described

below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0o08] Embodiments of the present disclosure, briefly summarized above and

discussed in greater detail below, can be understood by reference to the illustrative
embodiments of the disclosure depicted in the appended drawings. However, the
appended drawings illustrate only typical embodiments of the disclosure and are
therefore not to be considered limiting of scope, for the disclosure may admit to
other equally effective embodiments.

[0o09] Figure 1 shows a system for scanning a code in accordance with
embodiments of the disclosure.

[0010] Figures 2A-2C show various part retention arrangements in accordance
with embodiments of the disclosure.

[0011] Figure 3 shows a system for scanning a code in accordance with

embodiments of the disclosure.

[0012] Figure 4 shows a method for scanning a code in accordance with

embodiments of the disclosure.

[0013] Figure 5 shows a system for scanning a code in accordance with

embodiments of the disclosure.

[0014] Figure 6 shows a system for scanning a code in accordance with

embodiments of the disclosure.

[0015] Figure 7 shows a system for scanning a code in accordance with

embodiments of the disclosure.

[0016] Figure 8 shows a three-dimensional code in accordance with embodiments

of the disclosure.

[0017] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. The

figures are not drawn to scale and may be simplified for clarity. Elements and
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features of one embodiment may be beneficially incorporated in other embodiments

without further recitation.

DETAILED DESCRIPTION

[0018] Embodiments of methods and systems for scanning a code on or in a
transparent part are provided herein. The methods and systems provided herein
project a two-dimensional image of a code, such as a two-dimensional or three-
dimensional code, onto a non-transparent projection surface. The contrast between
the projected image and the projection surface permits a scanner to machine scan
the projected image thus avoiding scanning difficulties of trying to scan the code

directly on the transparent part.

[0019] As described herein, transparent parts may be partially or fully transparent
to visible light, such as white light. In some embodiments, transparent parts may be
transparent to radiation having wavelengths longer or shorter than visible light. In

some embodiments, transparent parts may be made from glass or quartz.

[0020] In some embodiments, the transparent parts may include a code, such as a
two-dimensional or three-dimensional code, on (e.g., applied to an outer surface) or
in (e.g., embedded below an outer surface) the part. Having the code at least
partially embedded in the part may protect the code from damage and data loss. In
some examples, the codes may be applied by engraving (e.g., laser engraving),
etching, or printing. In some embodiments, the code may include at least one of a
bar code or a quick response (QR) code. In some embodiments, the code may
encode information associated with the transparent part, including at least one of a
part number, part name, serial number, batch number, lot number, or patent
number. In some embodiments, the code may be transparent, translucent, or
opaque.

[0021] Figure 1 shows a system 100 for scanning a code 102 on or in a
transparent part 104 in accordance with embodiments of the present disclosure. In
Figure 1, the code 102 is shown as being two-dimensional. In some embodiments,
and as shown in Figure 1, the system 100 may include a support structure 106

configured to support the transparent part 104 spaced apart from a projection
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surface 108. In some embodiments, and as shown in Figure 1, the support structure
106 may include a stage 110 to hold the transparent part 104 spaced from the
projection surface. The stage 110 may be formed from a transparent material, such
as glass or quartz. In some embodiments, the stage 110 may be formed of the

same material as the transparent part 104.

[0022] In some embodiments, and as shown in Figure 1, the system 100 may
include a light source 112 configured to illuminate the code 102 to generate a
projected image 114 of the code 102 on the projection surface 108. The light source
112 may include one or more light sources, such as LEDs or incandescent bulbs.
The light source 112 may be a white light source. In some embodiments, the light
source 112 may generate electromagnetic radiation having wavelengths longer or

shorter than visible light, such as ultraviolet light and infra-red light.

[0023] In some embodiments, and as shown in Figure 1, the system 100 may
include a scanner 116 configured to machine scan the projected image 114 on the
projection surface 108. The scanner 116 may be configured to scan various codes,
such as a bar code and a QR code. In some embodiments, and as shown in Figure
1, the scanner 116 may be communicatively coupled to a computer system 118
configured for decoding the code 102 based on the projected image 114. The
computer system 118 may also be configured to send information (e.g., part name,
part number, lot number, batch number, etc.) associated with the code 102 to the
scanner 116 for output on the scanner 116. For example, the scanner 116 may
have an electronic display 120 to display information associated with the code 102.

[0024] In some embodiments, and a shown in Figure 1, the stage 110 may be
supported by one or more legs 110a, which may be supported by the projection
surface 108. In some embodiments, the stage 110 may be moveable or adjustable
relative to the projection surface 108 and the light source 112 to adjust the position
of the transparent part 104 and the code 102 relative to the light source 112 and the
projection surface 108. The adjustment in position of the transparent part 104 and
the code 102 relative to the light source 112 and the projection surface 108 may be
useful to correct for distortion of the projected image 114, as discussed in greater

detail below. In some embodiments, the stage 110 may be moveable to space the

4



WO 2024/253731 PCT/US2024/021575

transparent part 104 at a certain distance (e.g., at least 5 cm) from the projection
surface 108. Such spacing may facilitate focusing the projected image 114 with

sufficient detail to be successfully scanned by the scanner 116.

[0025] In some embodiments, and as shown in Figures 2A-2C, the stage 110 may
include various retention arrangements to hold the transparent part 104 without
obstructing light from passing through at least one of the transparent part 104 or the
code 102. Figure 2A shows a protrusion 202 extending upwards from the stage
110. The protrusion 202 may be configured to hold the transparent part 104 above
an upper surface of the stage 110. The protrusion 202 may have a shape that
conforms to a portion of the transparent part 104 to improve the fit between the
transparent part 104 and the stage 110. In some embodiments, the retention
arrangement may include a groove or recess (not shown) in the upper surface of the

stage 110 that may receive at least a portion of the transparent part 104.

[0026] Figure 2B shows an embodiment of the stage 110 that includes a ring 204
and a plurality of set screws 206 extending through the ring 204. One or more of the
set screws 206 can be adjusted (e.g., threaded) radially inwardly or outwardly to

clamp or otherwise secure the transparent part 104 to the stage 110.

[0027]1 Figure 2C shows an embodiment of the stage 110 that includes a ring 208
and a clamp 210 connected to the ring 208. The clamp 210 may have jaws 212 that
can be opened to receive or remove at least a portion of the transparent part 104.

The jaws 212 can be closed to secure the transparent part 104 to the stage 110.

[0028] In some embodiments, the projection surface 108 may be a flat, smooth,
non-transparent surface. The projection surface 108 may be colored or shaded to
adjust the contrast level between the projection surface 108 and the projected image
114 to facilitate machine scanning the projected image 114 with the scanner 116. |n
some embodiments, the color of the projection surface 108 may be selected so that
the contrast between the projected image 114 and the projection surface 108 is at
least 50%.

[0029] In some embodiments, and as shown in Figure 3, the support structure 106

may include a base 302 and an arm 304 extending upwardly and outwardly from the



WO 2024/253731 PCT/US2024/021575

base 302. In some embodiments, and as shown in Figure 3, at least one of the light
source 112, the scanner 1186, or the stage 110 may be attached (e.g., movably) to
the arm 304. In some embodiments, at least one of the light source 112, the
scanner 116, or the stage 110 may be pivotally attached to the arm 304. In some
embodiments, at least one of the light source 112, the scanner 116, or the stage 110

may be attached to the arm 304 to translate, such as up or down and/or side to side.

[0030] Figure 4 shows a method 400 for scanning a code on or in a transparent
part in accordance with embodiments of the present disclosure. At block 402, the
transparent part is positioned at a spaced location between a projection surface and
a light source. In some embodiments, the method may include disposing the
transparent part at at least a certain distance (e.g., 5 cm) from the projection
surface. At block 404, a projected image of the code is generated on a projection
surface by illuminating the code using the light source. For example, with reference
to the system 100 shown in Figure 1, the light source 112 may illuminate the code
102 to generate the projected image 114 on the projection surface 108. At block
406, the projected image is scanned (e.g., machine scanned). For example, with
reference to the system shown in Figure 1, the scanner 116 may be used to scan
the projected image 114 on the projection surface 108. At block 408, the code is
decoded based on scanning the projected image. In some embodiments, at block
408, the method may include retrieving information about the transparent part based
at least on the machine scanning of the projected image. For example, the scanner
116 may communicate with the computer system 118 to retrieve a part identification

number of the transparent part 104.

[0031] In some embodiments, the method 400 may include adjusting a relative
position of the code 102 with respect to the projection surface 108. Adjusting the
relative position of the code 102 with respect to the projection surface 108 may be
useful to correct for image distortion of the projected image 114. For example, in the
embodiment shown in Figure 1, the light source 112 is shown generating parallel
light generally perpendicular to a plane of the code 102. Also, in Figure 1, the plane
of the code 102 and the plane of the projection surface 108 are parallel to each

other. As a result, the projected image 114 is projected onto the projection surface
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108 in-focus and without image distortion so that the scanner 116 can successfully
scan the projected image 114. In comparison to the arrangement shown in Figure 1,
in the embodiment shown in Figure 5, the light source 112 may be arranged so that
the light is not perpendicular to the plane of the code 102. As a result, and as
shown in Figure 5, the projected image 114 may be out of focus and/or distorted by
image torsion so that the scanner 116 may not be able to successfully scan the
projected image 114. To make the projected image 114 in Figure 5 readable by the
scanner, the relative position of the code 102 with respect to the projection surface
108 may be adjusted such as by moving or otherwise adjusting at least one of the

stage 110 supporting the transparent part 104 or the projection surface 108.

[0032] Figure 6 shows the system 100 in Figure 5 after the position of the
projection surface 108 is adjusted relative to the stage 110 (as well as the
transparent part 104 and the code 102) so that the image distortion is corrected to
permit the projected image 114 to be successfully scanned by the scanner 116.
Figure 7 shows the system 100 in Figure 5 after the position of the stage 110 (along
with the code 102 and the transparent part 104) is adjusted relative to the projection
surface 108 so that the image distortion is corrected to permit the projected image to

be successfully scanned by the scanner 116.

[0033] Figure 8 shows an embodiment of the code 102 as a three-dimensional
code in the transparent part 104. In some embodiments, and as shown in Figure 8,
the code 102 may have a cube shape and may have at least a first side 804, a
second side 806, and a third side 808 encoded with information associated with a
transparent part. In some embodiments, and as shown in Figure 8, one or more
sides (e.g., 804, 806, or 808) of the code 102 may include a two-dimensional code

810, which may be scanned using the systems and methods described herein.

[0034] In some embodiments, multiple projected images may be created and
scanned in conjunction with rotating the transparent part 104 with respect to a light
source. In some embodiments, the transparent part 104 may be at a first orientation
and light may be directed to the code 102 to create a first projection that is scanned,
the transparent part 104 may be rotated to a second orientation (e.g., different from

the first orientation) so the light is directed to the transparent part 104 again to

7
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create a second projection that is scanned, and the transparent part 104 may be
rotated again to a third orientation (e.g., different than the first and the second
orientation) so that the light is directed to the transparent part 104 again to create a

third projection that is scanned.

[0035] In some embodiments, a method for scanning the code 102 on or in the
transparent part 104 may include illuminating the code 102 to generate a first
projected image of the code on a projection surface spaced from the transparent
part and machine scanning the first projected image. The method may include
rotating the transparent part 104 from a first orientation to a second orientation,
illuminating the code 102 to generate a second projected image of the code 102 on
the projection surface, and machine scanning the second projected image. The
method may also include rotating the transparent part 104 from the second
orientation to a third orientation, illuminating the code 102 to generate a third
projected image of the code 102 on the projection surface, and machine scanning
the third projected image. The transparent part 104 may be rotated additional times
to generate additional projected images that can be machine scanned.

[0036] In some embodiments, the code 102 may be illuminated to generate a first
projected image of the first side 804 of the code 102 on a projection surface and the
first projected image may be scanned. The transparent part 104 may be rotated so
that the code 102 may be illuminated to generate a second projected image of the
second side 806 of the code 102 on the projection surface and the second projected
image may be scanned. The transparent part 104 may be rotated again so that the
code 102 may be illuminated to generate a third projected image of the third side
808 of the code 102 on the projection surface and the third projected image may be

scanned.

[0037] In some embodiments, different types of information associated with the
transparent part 104 may be grouped on different sides (e.g., 804, 806, or 808) of
the code 102. In some embodiments, the first side 804 may be encoded with static
information about the transparent part 104, including part number, serial number,
part name, lot number, batch number. Static information may refer to information

about the transparent part 104 that does not change over the lifetime of the

8
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transparent part 104. In some embodiments, at least one of side of the code 102
may be encoded with information that may change over the lifetime of the
transparent part 104. In some embodiments, at least one of the second side 806 or
the third side 808 may be encoded with information that may change over the
lifetime of the transparent part 104. For example, in some embodiments, the second
side 806 may be encoded with information associated with recycling or cleaning
history of the transparent part 104, including the number of times the transparent
part 104 has been through a recycling or cleaning process. In some embodiments,
the third side 808 may be encoded with information associated with repair history of
the transparent part 104. In some embodiments, a three-dimensional code 102 may
be marked on the transparent part 104 after at least one of the cleaning recycling or
cleaning history or the repair history of the transparent part 104 changes. Thus, part
tracking using a three-dimensional code may increase the amount of information
carried with a part and provide detailed part history such as recycle history, cleaning

history, and repair history over the lifetime of the part.

[0038] The methods and systems in accordance with the present disclosure
facilitate scanning codes on or in transparent parts. The methods and system may
be used to identify and track transparent parts moving throughout a production

system, such as a semiconductor production system (e.g., a cluster tool).

[0039] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof.
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Claims:

1. A method for scanning a code on or in a transparent part, the method
comprising:

illuminating the code to generate a projected image of the code on a
projection surface spaced from the transparent part; and

machine scanning the projected image.

2. The method of claim 1, wherein the code includes at least one of a QR code

or a bar code that encodes information associated with the transparent part.

3. The method of claim 1 or 2, further comprising:
rotating the transparent part from a first orientation to a second orientation:;
illuminating the code to generate a second projected image of the code on
the projection surface spaced from the transparent part;
machine scanning the second projected image;
rotating the transparent part from the second orientation to a third orientation;
illuminating the code to generate a third projected image of the code on the
projection surface spaced from the transparent part; and

machine scanning the third projected image.

4. The method of claim 1 or 2, further comprising disposing the transparent part

at least 5 cm from the projection surface.

5. The method of claim 1 or 2, further comprising retrieving information about

the transparent part based at least on the machine scanning of the projected image.
6. The method of clam 1 or 2, wherein illuminating includes positioning the

transparent part between a light source and the projection surface and directing light

generated by the light source toward the code.

10
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7. The method of claim 1 or 2, further comprising adjusting a relative position of

the code with respect to the projection surface.

8. The method of claim 1 or 2, wherein a contrast between the projected image

and the projection surface is at least 50%.

9. The method of claim 1 or 2, wherein the code is associated with a part

identification number of the transparent part.

10. A system for scanning a code on or in a transparent part, the system
comprising:

a support structure configured to support the transparent part spaced apart
from a projection surface; and

a light source configured to illuminate code to generate a projected image of

the code on the projection surface.

11.  The system of claim 10, further comprising a scanner configured to machine

scan the projected image.
12. The system of claim 10 or 11, wherein the support structure includes a stage
configured to hold the transparent part, and wherein the stage is moveable relative

to the projection surface and the light source.

13. The system of claim 12, wherein the stage is moveable to space the

transparent part at least 5 cm from the projection surface.

14.  The system of claim 12, wherein the light source is attached to the support

structure.

15.  The system of claim 10 or 11, wherein the light source includes a white light

source.

11
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16.  The system of claim 10, wherein the support structure includes a base, an
arm extending upward and outward from base, and a moveable stage coupled to at
least one of the base or the arm, wherein the moveable stage is configured to
dispose the transparent part at a spaced location between the light source and the
projection surface.

17.  The system of claim 16, further comprising a scanner configured to machine
scan the projected image, wherein at least one of the light source or the scanner is

movably coupled to the arm.

18. A method for scanning a code on or in a transparent part, the method
comprising:

positioning the transparent part at a spaced location between a projection
surface and a light source;

generating a projected image of the code on a projection surface by
illuminating the code using the light source;

scanning the projected image; and

decoding the code based on scanning the projected image.

19. The method of claim 18, wherein the transparent part is fixed at a position

spaced at least 5 cm from the projection surface.

20.  The method of claim 18 or 19, further comprising adjusting a relative position

of the code with respect to the projection surface.

12
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