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ADAPTIVE PROCESSES FOR IMPROVING INTEGRITY OF
SURFACES

FIELD
[0001] The described embodiments relate generally to manufacturing an electronic
device. In particular, the present embodiments relate to providing a corrective action
or step to a device during manufacturing or assembly of the electronic device.

BACKGROUND

[0002] Recent advances in manufacturing an electronic device allow for improved
production times. This leads to additional electronic devices produced per time.
During assembly, some parts of the electronic device provide a mounting surface for
other structures. These surfaces are considered “critical” in that they must be
manufactured within a specified tolerance in order for another structure to properly
mount on the surface of the part.

[0003] However, when the surface is not within the specified tolerance, several
issues may occur. For example, a part having mounting surfaces with disturbances
(e.g., protrusions, bumps, burrs) left after machining the part may lead to an adhesive
layer unable to flow or extend along the mounting surface in a desired manner which
may cause the part to be improperly attached to the mounting surface. One issues
associated with this is a display not properly attaching to a mounting surface of a lid
(enclosure). When this occurs, light from light source (e.g., LED, display) may
“leak,” that is, light may pass through unwanted or unintended portions of the
electronic device. Light leakage passing through a top portion of the device is
generally viewed as undesirable by a user, as well as an inefficient use of a light
source. In order to prevent the user from using the device, the device may be
discarded after a valuable component (e.g., display) has been installed, thereby
increasing yield fallout of the electronic device.

[0004]  Another issue associated with mounting surfaces out of tolerance is a hinge
assembly on, for example, a portable electronic device. A hinge assembly on an
uneven surface affects the kinematics of the electronic device. For example, a lid may
not properly open and close with respect to a base portion.

SUMMARY

[0005] In one aspect, a method for providing a corrective action to an enclosure of an

electronic device is described. The method may include scanning the enclosure with
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an automated inspection system, the automated inspection system capable of locating
a dimension of the enclosure. In some embodiments, the dimension may not within a
predetermined tolerance of the enclosure. The method may further include forming a
comparison between the dimension and the predetermined tolerance. The method
may further include sending the comparison to a tool. In some embodiments, the
comparison may signal a tool to perform the corrective action to the dimension based
on the comparison. Also, in some embodiments, performing the corrective action to
the dimension causes the dimension to be least within the predetermined tolerance.
[0006] In another aspect, a method for assembling an clectronic device is
described. The method may include performing a first adjustment to a first surface of
a first component. The first adjustment may remove a protrusion of the first surface.
The method may further include performing a second adjustment to a second surface
of the first component. The second adjustment may add a material to the second
surface such that the second surface is approximately even, or level. The method may
further include attaching a second component to the first surface of the first
component. The method may further include attaching a third component to the
second surface of the first component. In some embodiments, the first adjustment and
the second adjustment are located by an automated inspection system.

[0007] In another aspect, a non-transitory computer readable storage medium
storing instructions that, when executed by a processor, cause the processor to
implement a method for providing a corrective action to an enclosure of an electronic
device is described. The non-transitory computer readable storage medium may
include computer code for scanning the enclosure with an automated inspection
system, the automated inspection system capable of locating a dimension of the
enclosure. In some embodiments, the dimension may not within a predetermined
tolerance of the enclosure. The non-transitory computer readable storage medium
may also further include computer code for forming a comparison between the
dimension and the predetermined tolerance. The non-transitory computer readable
storage medium may further include computer code sending the comparison to a tool.
In some embodiments, the comparison may signal a tool to perform the corrective
action to the dimension based on the comparison. Also, in some embodiments, the
computer code performing the corrective action to the dimension causes the

dimension to be least within the predetermined tolerance.
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[0008]  Other systems, methods, features and advantages of the embodiments will
be, or will become, apparent to one of ordinary skill in the art upon examination of the
following figures and detailed description. It is intended that all such additional
systems, methods, features and advantages be included within this description and this
summary, be within the scope of the embodiments, and be protected by the following
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The disclosure will be readily understood by the following detailed

description in conjunction with the accompanying drawings, wherein like reference
numerals designate like structural elements, and in which:

[0010] FIG. 1 illustrates an electronic device in a closed configuration;

[0011] FIG. 2 illustrates the electronic device shown FIG. 1 in an open
configuration;

[0012] FIG. 3 illustrates an inner portion of a lid of an enclosure;

[0013] FIG. 4 illustrate an isometric view of an enlarged area of the lid in showing
first surface having a first rail and a second rail, the first rail and second rail include a
first protrusion and a second protrusion, respectively;

[0014] FIG. 5 illustrates a side view of enlarged portion in FIG. 4, showing
protrusions causing the display to rest unevenly on first and second rail, which in turn
causes light rays to escape from the lid;

[0015]  FIG. 6 shows the lid positioned in an automated optical inspection (“AOI”)
system configured to detect protrusions or other irregularities on the various surfaces
of the lid;

[0016] FIG. 7 shows an isometric view of the enlarged portion shown in FIG. 4,
with a removal tool positioned over the first rail, and removing the protrusion
previously on the first rail;

[0017] FIG. 8 illustrates the side view shown in FIG. 5, with the protrusions
removed by the removal tool, thereby allowing the display to rest evenly on the rails;
[0018] FIG. 9 illustrates an isometric view of second surface configured to receive
a hinge assembly;

[0019] FIG. 10 illustrates an isometric view of the second surface shown in FIG. 9,
with a removal tool removing a portion of the second surface such that the second

surface is even, or level;
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[0020] FIG. 11 illustrates a corner of the lid having a first cutting area and a
second cutting area overlapping a portion of the first cutting area;

[0021] FIG. 12 illustrate the corner shown in FIG. 11, with a material filled in the
overlapping portion;

[0022] FIG. 13 illustrates the isometric view of an enlarged arca of the lid in
showing, similar to FIG. 4;

[0023] FIG. 14 illustrates the view in FIG. 13, with a material formed around a
first and second protrusion;

[0024] FIG. 15 illustrates the second surface similar to the second surface shown in
FIG. 9;

[0025] FIG. 16 illustrates the second surface shown in FIG. 15, with a material
formed on the second surface;

[0026] FIG. 17 illustrates an isometric view of a third surface on the lid, the third
surface configured to receive an indicium;

[0027] FIGS. 18 and 19 illustrate cross sectional view of the lid in FIG. 17, with
FIG. 19 showing a material formed on an offset portion of the lid;

[0028] FIG. 20 illustrates a cross sectional view of the lid in FIG. 17, with a
material forming several print segments, some of which overlap;

[0029] FIG. 21 illustrates a top view of a part of an electronic device having a
material formed on two different sides, the two side approximately perpendicular to
cach other;

[0030] FIG. 22 illustrates an enlarged isometric view of a portion shown in FIG.
21;

[0031] FIG. 23 illustrates a block diagram of an electronic device;

[0032] FIG. 24 illustrates a flowchart showing a method for providing a corrective
action to an enclosure of an electronic device; and

[0033] FIG. 25 illustrates a flow chart showing a method for assembling an
electronic device, in accordance with the described embodiments.

[0034] Those skilled in the art will appreciate and understand that, according to
common practice, various features of the drawings discussed below are not
necessarily drawn to scale, and that dimensions of various features and elements of
the drawings may be expanded or reduced to more clearly illustrate the embodiments

of the present invention described herein.
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DETAILED DESCRIPTION

[0035] Reference will now be made in detail to representative embodiments
illustrated in the accompanying drawings. It should be understood that the following
descriptions are not intended to limit the embodiments to one preferred embodiment.
To the contrary, it is intended to cover alternatives, modifications, and equivalents as
can be included within the spirit and scope of the described embodiments as defined
by the appended claims.

[0036] In the following detailed description, references are made to the
accompanying drawings, which form a part of the description and in which are
shown, by way of illustration, specific embodiments in accordance with the described
embodiments. Although these embodiments are described in sufficient detail to
enable one skilled in the art to practice the described embodiments, it is understood
that these examples are not limiting such that other embodiments may be used, and
changes may be made without departing from the spirit and scope of the described
embodiments.

[0037] The following disclosure relates to a localized corrective action of a
component of an electronic device. In particular, some components have surfaces are
configured to mate with another component of the electronic device. Issues arise
when these surfaces are not within a specified tolerance. For example, an electronic
device having a bump or burr on a mounting surface where a display is adhesively
attached may lead to light leakage at the interface region between the display and the
mounting surface. This is due in part to the display not contacting all portions of the
mounting surface. Conversely, a mounting surface having a pit or an uneven surface
may leads to a similar issue.

[0038] While some of these issues are a result of the machining process of the
component itself, in some cases, components originally within an acceptable tolerance
or specification limit may become out of tolerance during an assembly process. For
example, a component may initially have a mating surface within 50 microns (from
one of edge of a surface to another edge) and co-planar within 0.5 degrees, both of
which may be within acceptable tolerance ranges. However, adding other
components to the component with the mating surface may experience a co-planarity
well above 0.5 degrees. When the mating surface is configured to receive, for

example, a hinge assembly, the hinge assembly may no longer function properly.
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[0039] Rather than discarding the assembled components, a localized corrective
action can be done to the mounting surface during assembly and before the display is
adhesively attached. For example, a lid having a mounting surface configured to
receive a display may be inspected to determine whether the mounting surface is
within the specified tolerance. If the inspection determines a disturbance (e.g., bump,
burr, pit) causes the lid not to be within the specified tolerance, the disturbance may
be removed. If the inspection determines a pit or an uneven surface causes the lid not
to be within the specified tolerance, the pit or uneven surface may be filled with, for
example, a resin. In either event, the mounting surface treated with the localized
corrective action causes the mounting surface to be within the specified tolerance. In
this manner, the disturbance is corrected and losses due to yield fallout of the
component are minimized.

[0040] These and other embodiments are discussed below with reference to FIGS.
1 - 25. However, those skilled in the art will readily appreciate that the detailed
description given herein with respect to these Figures is for explanatory purposes only
and should not be construed as limiting.

[0041] An illustrative electronic device 100 (e.g., a portable electronic device) in a
closed configuration is shown in FIG. 1. More particularly, FIG. 1 shows a front
facing perspective view of electronic device 100 in a closed configuration. As
illustrated, electronic device 100 may include a housing 102 having a base 104, which
may also be referred to as a lower portion or a main unit, and a lid 106, which may
also be referred to as an upper portion or a cover. In some embodiments, base 104
and lid 106 are formed from a metal (e.g., aluminum).

[0042] In closed configuration, lid 106 and base 104 may form what appears to be a
uniform structure having a continuously varying and coherent shape that enhances
both the look and feel of electronic device 100. Lid 106 may include an indicium
108. In some embodiments, indicium 108 is a logo having a transparent or translucent
portion through which light passes. Also, base 104 can be pivotally connected to lid
106 to allow for opening and closing of electronic device 100.

[0043] FIG. 2 illustrates a front facing perspective view 200 of electronic device 100
in an open configuration. Display 110 may be coupled to lid 106 such that display
110 is provided with structural support. In this regard, lid 106 can be formed to have
uni-body construction provided that can provide additional strength and resiliency

which is particularly important due to the stresses caused by repeated opening and
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closing occurring during normal use. In addition to the increase in strength and
resiliency, the uni-body construction of lid 106 can reduce an overall part count by
eliminating separate support features, which may decrease manufacturing cost and/or
complexity.

[0044] Lid 106 may include display trim 116 that surrounds display 110. Display
trim 116 can be formed of an opaque material such as ink deposited on top of or
within a protective layer of display 110. Thus, display trim 116 can enhance the
overall appearance of display 110 by hiding operational and structural components as
well as focusing attention onto the active area of the display.

[0045] Display 110 can display visual content such as a graphical user interface, still
images such as photos as well as video media items such as movies. Display 110 can
display images using any appropriate technology such as a liquid crystal display
(LCD), a light emitting diode (LED) display, an organic light emitting diode (OLED)
display, etc. Further, electronic device 100 may include image capture device 118. In
one embodiment, image capture device 118 may be located on a transparent portion of
display trim 116. Image capture device 118 can be configured to capture both still
and video images in some embodiments.

[0046] Base 104 may include top case 120. As illustrated in FIG. 2, top case 120 can
be configured to accommodate various user input devices such as a keyboard 124 and
a touchpad 126. In particular, these user input devices may be exposed such that a
user may interact therewith when the electronic device 100 is positioned in the open
configuration.

[0047]  Further, base 104 may include bottom case 122. Top case 120 and bottom
case 122 of base 104 may cooperate to receive various other electronic and
mechanical components therebetween. As may be understood, by way of example,
the electronic components may include a mass storage device (e.g., a hard drive or a
solid state storage device such as a flash memory device including non-transitory and
tangible memory that may be, for example, volatile and/or non-volatile memory)
configured to store information, data, files, applications, instructions or the like, a
processor (e.g., a microprocessor or controller) configured to control the overall
operation of the portable electronic device, a communication interface configured for
transmitting and receiving data through, for example, a wired or wireless network

such as a local area network (LAN), a metropolitan area network (MAN), and/or a
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wide area network (WAN), for example, the Internet, a fan, a heat pipe, and one or
more batteries.

[0048] FIG. 3 illustrates a top view 300 showing an inner portion of lid 106 of
electronic device 100 having several dimensions used as mating surfaces for receiving
various components. For example, lid 106 includes first surface 140 extends around
several lateral sides of lid 106. In some embodiments, first surface 140 is configured
to receive display 110 (shown in FIG. 2). Also, lid 106 includes second surface 230
configured to receive a hinge assembly (not shown) which may facilitate opening and
closing of lid 106 relative to base 104. Also, lid 106 includes third surface 410
configured to receive indicium 108 (shown in FIG. 1).

[0049]  Although first surface 140, second surface 230, and third surface 160 are
generally level or flat, the machining process used to produce these surfaces may
leave behind unwanted material. Alternatively, these surface may become warped or
simply out of a specified tolerance during an assembly process. For example, FIG. 4
illustrates an isometric view of an enlarged portion of lid 106 showing first surface
140 having first rail 142 and second rail 144; first rail 142 and second rail 144 include
first protrusion 146 and second protrusion 148, respectively. Second rail 144 further
includes third protrusion 152. Generally, first protrusion 146 and second protrusion
148 are undesirable or unwanted portions remaining after the machining process of lid
106. First protrusion 146 and second protrusion 148 could be a bump, a burr, or other
particle. Also, any protrusion, when protrusion height 154 (e.g., of second protrusion
148) is 15 microns or greater, an adhesive layer (not shown) having a height
approximately 30 microns may be unable to flow or extend along first rail 142 and/ or
second rail 144 in a desired manner.

[0050] Also, FIG. 4 shows first tolerance 162 and second tolerance 164 as
imaginary lines superimposed on first rail 142 and second rail 144, respectively. First
tolerance 162 and second tolerance 164 may be predetermined tolerances or
specifications such that a part having dimensions within these tolerances can receive
another part in a proper manner. First tolerance 162 and second tolerance 164
correspond to a maximum tolerance height for first rail 142 and second rail,
respectively. As shown in FIG. 4, a portion of first protrusion 146 and a portion of
second protrusion 148 are positioned above first tolerance 162 and second tolerance
164, respectively (e.g., protrusion height 154 is above a vertical height of second

tolerance 164). In other words, first protrusion 146 and second protrusion 148 deviate
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from first tolerance 162 and second tolerance 164, respectively, making first rail 142
and second rail 144 non-compliant structures. As a result, lid 106 is not with the
predetermined tolerance which may cause an issue when first surface 140 receives a
display. For example, an adhesive layer 166 (shown in FIG. 5) may not pass over
first protrusion 146 and/or second protrusion 148. However, third protrusion 148 is
positioned within second tolerance 172, and as such, is small enough such that
adhesive layer 155 passes over third protrusion 148.

[0051] FIG. 5 shows a side view of the enlarged portion in FIG. 4, where first
protrusion 146 and second protrusion 148 can cause adhesive layer 166 to become
stagnant, i.c., adhesive layer 188 cannot flow over either first protrusion 146 and
second protrusion 148. As a result, display 110 is not adhesively attached to first rail
142 and second rail 144, thereby allowing light rays 170 from a light source
previously described pass through an area proximate to first protrusion 146 and
second protrusion 148, and ultimately escape lid 106.

[0052] In order locate (and subsequently remove or reduce) deviating portions, an
inspection system may be used to inspect lid 106 for protrusions. FIG. 6 shows lid
106 positioned in inspection system 202. In some embodiments, inspection system
202 is an automated optical inspection (“AOI”) system configured to detect
protrusions or other irregularities on the various surfaces of lid 106. Inspection
system 202 includes vision system 204 and fixture 206. Fixture 206 is configured to
hold a component (e.g., lid 106) in place during inspection. In some embodiments,
vision system 204 includes several lasers (non-ablation) emitting laser light rays at
various portions of a component, such as the mating surfaces of lid 106. In this
manner, each laser measures a distance from lid 106 to vision system 204. These
distances may be sent to a computing device having software and a processor, both of
which are configured to compare the distances to, for example, a predetermined
tolerance for lid 106. In other embodiments, vision system 204 captures an image of
lid 106, and then sends the image to a computing device (not shown) having software
and a processor, both of which are configured to compare the captured image to
predetermined tolerances of lid 106. In either event, the comparisons may reveal a
deviating portion, or portions, of lid 106. If the deviating portion is above the
predetermined tolerance, then vision system 204 or the computing device signal a
removal tool (discussed later) to remove or reduce the deviation portion of lid 106 in

order to place lid 106 within the predetermined tolerance.
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[0053] In the embodiment shown in FIG. 6, vision system 204 superimposes a grid
or map configured to target several predetermined portions of lid 106. In one
embodiment, vision system 204 is configured to include approximately 20-25
predetermined points. During inspection, vision system 204 can use the grid to
calculate a radius of curvature of an object to detect irregularities. For example, in the
enlarged view in FIG. 6, a portion of second rail 144 includes protrusion having first
radius of curvature 212, second radius of curvature 214, and third radius of curvature
216. The radii of curvature are determined by vision system 204 and shown as dotted
lines. Each radius of curvature corresponds to a circle (also in dotted lines) having a
radius equal to the radius of curvature. Vision system 204 can be configured such that
if a radius of curvature is less than a predetermined radius of curvature corresponds to
a protrusion or irregularity in that location. Also, the predetermined tolerance may be
input into vision system 204 (and subsequently adjusted) by an operator.

[0054] In the exemplary embodiment, the predetermined tolerance is third radius
of curvature 216. As shown in FIG. 6, first radius of curvature 212 and second radius
of curvature 214, both of which are less than third radius of curvature 216, would
correspond to protrusion thereby signaling a removal tool (discuss later) to perform a
removal process on second rail 144. In any of the described embodiments, inspection
system 202 is generally automated in that vision system 204 may traverse relative to
fixture 206 in the x- and/or y-directions. Also, it should be appreciated that vision
system 204 selected is configured to detect protrusions on the order of microns in
order to detect protrusions which may cause issues previously described.

[0055] Once a protrusion is located by vision system 204, the protrusion may be
removed by a removal tool. FIG. 7 shows an isometric view of the enlarged portion
shown in FIG. 4, with removal tool 220 positioned over first rail 142, and removing
the protrusion previously on first rail 142. Removal tool 220 is configured to receive
a signal, or instructions, by vision system 204 (in FIG. 6), and remove a protrusion in
a location determined by the vision system. In some embodiments, removal 220
removes a portion of a protrusion such that the protrusion is within first tolerance 162
as it may not be necessary to remove the entire protrusion. For example, FIG. 7 also
shows protrusion height 154 of second protrusion 148 reduced to a height within
second tolerance 164. Accordingly, second protrusion 148 is no longer deviant in this
location. By removing only a portion of a protrusion, manufacturing times may be

reduced which leads to faster assembly.
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[0056] In the embodiment shown in FIG. 7, removal tool 220 is a laser configured
to perform a laser ablation to a surface in order to remove undesired material. The
width (diameter) of laser beam 234 is a fixed width approximately in the range of 50-
70 microns. Also, laser beam 234 includes a fixed power of at least 4 kilowatts.
Empirical results have shown that removal tool 220 can remove a portion of a part
having a depth ranging from approximately 100-200 microns without affecting the
functionality of the part.

[0057] In some embodiments, removal tool 220 traverses along lid 106 to a
location in which a protrusion is detected. In other embodiments, removal tool 220 is
generally stationary, but includes a movable head configured to direct laser beam 212
to a location in which a protrusion is detected. Also, it should be noted that ablation
times depends on the number of protrusion found as well as the size of the
protrusions. Regarding the latter, ablation time is proportional to the height of the
protrusion. In other words, a relatively longer ablation times is associated with a
protrusion having a relatively greater height. Ablation time may also be dependent
upon whether the protrusion is completely removed.

[0058] FIG. 8 shows a side view of the enlarged portion in FIG. 7, with the
protrusions removed or reduced by removal tool 220. For example, the first
protrusion on first rail 142 is essentially removed, while a portion of second
protrusion 148 remains after the removal process. Also, third protrusion 152 does not
require attention by removal tool 220 as third protrusion 152 is already within the
predetermined tolerance. As a result, adhesive layer 166 flows over first rail 142 and
second rail 144 such that display 110 is adhesively attached to first rail 141 and
second rail 143 in a desired manner. Accordingly, light rays 170 are unable to extend
past second rail 144 and remain within lid 106. The close-up view in FIG. 8 shows
adhesive layer 166 flowing over both second protrusion 148 and third protrusion 152.
Also, in other embodiments, a patch may be placed on a laser ablated portion of, for
example, first rail 142. The patch may be used to correct an over-ablated area and/or
configure first rail 142 to receive adhesive layer 166.

[0059] In addition to locating protrusions or irregularities on mounting surfaces
configured to receive a display, the inspection system can be used to detect other
types of irregularities in other portions of a lid. For example, FIG. 9 shows an
isometric view of second surface 240 (shown in FIG. 3). In this embodiment, second

surface 230 is a surface configured to receive a hinge assembly (not shown).
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However, second surface 230, as shown in FIG. 9, is uneven, or non-level, such that
the hinge assembly mounted on second surface 230 cannot properly open and close a
lid. In particular, first height 232 is less than second height 234, where first height
232 and second height 234 are measured vertically from a lower portion of lid 106 to
second surface 230. If the inspection system previously described determines first
height 232 and/or second height 234 is not within a predetermined tolerance, the
inspection system may signal to removal tool 220 to remove portions of second
surface 230. For example, FIG. 9 shows second height 234 above third tolerance 236,
with third tolerance 236 corresponding to a compliant surface height for second
surface 230. In is shown FIG. 10, removal tool 220 removes a portion of second
surface 230 such that a newly formed third height 238 is at or below third tolerance
236.

[0060] In some embodiments, removal tool 220 removes portions of second
surface 230 such that second surface 230 is approximately at first height 232 (i.e., the
portion of second surface having the lowest height) across the entire area of second
surface 230. Still, in other embodiments, the inspection system can select a reference
surface on second surface 230 and signal removal tool 220 to remove a portion of a
second surface 230 in accordance with the reference surface. In other words, after the
removal process, second surface 230 is substantially co-planar, or flush, with respect
to the reference surface. For example, FIGS. 9 and 10 show reference surface 240 on
second surface 230. The inspection system can use reference surface 240 as a base
reference and signal removal tool 220 in the manner described. Reference surface
240, as used in FIGS. 9 and 10, is only intended for purposes of description and does
not demarcate a precise location on second surface 230. Generally, reference surface
240 is a portion having a relatively low elevation, or z-height, with respect to the
entire surface (e.g., second surface 230). Also, it should be understood that reference
surface 240 is within a predetermined tolerance or specification.

[0061] Once the removal process previously described is performed, lid 106 may
be placed back in the inspection system previously for further inspection (i.e., second
scan) to determine whether the removal process places lid 106 with the predetermined
tolerance. If the inspection system determines, for example, all surfaces are within
their predetermined tolerances, lid 106 may proceed to the next step. For example, a
display may be adhesively attached to lid 106. On the other hand, if lid 106 fails the

inspection, lid 106 can undergo further removal process until a subsequent inspection
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by the inspection system indicates a pass. It should be understood that a “pass” or
“fail” corresponds to whether lid 106 is within a predetermined tolerance or other
acceptable measure. This approach ensures that a high-value component (e.g.,
display) is not adhesively attached to lid 106 until lid 106 includes acceptable
mounting surfaces. This process improves quality control by not only reducing light
leakage but also reducing yield fallout.

[0062] Also, after lid 106 pass the inspection, lid 106 may be placed in a
cleanroom environment (not shown) for further processing. The cleanroom may be
used to remove any ablated material or other debris generated by the removal tool
previously described in order to ensure the surface (e.g., mounting surface) is capable
of receiving another part (e.g., display, hinge assembly) in a desired manner. The
removal means in the cleanroom environment may include an air knife, air blade,
and/or an air nozzle connected to an air supply. Also, the cleanroom environment
may include a sealed hood to control airflow within the cleanroom environment.
[0063] In addition to protrusions, other irregularities may be present on a mating
surface. For example, prior to assembly, a part such as a lid may have an associated
flatness, or alternatively, at least two portions of a part may have an associated co-
planarity with respect to each other that is acceptable for use. However, during
assembly, the previously acceptable parts mated or assembled with another
component or components causes a change in flatness or co-planarity such that the
part no longer includes a surface with acceptable flatness or co-planarity. The
inspection and removal process previously described may be used to remove portions
of surfaces such that the parts are again with an acceptable flatness or co-planarity.
[0064] Also, in some cases, during the manufacturing process of a part (e.g., lid
106), the part may be purposely machined or manufactured with additional material
on certain portions (e.g., mounting surfaces). In this regard, the part will purposely be
put through a removal process (e.g., laser ablation) prior to mating with another part.
Any issues with excessive removal may be solved by the thickness of the adhesive
layer used to mate the two parts and/or a material (e.g., resin) use to build up, or add
to, the mounting surface (discussed below). Using an inspection system and removal
tool previously described, both of which include relatively tight tolerance controls,
may require less attention to detail with respect to machining the part. In this regard,
less time spent machining or forming the part may be acceptable as the tightly

controlled inspection and removal processes may place the part in a compliant
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manner. In some cases, this may reduce manufacturing times and costs related to the
part.

[0065] The foregoing process generally concerns removing a portion of material
from a surface in order to correct and or improve the surface functionality. However,
in some cases, a surface may include insufficient material caused by either during
manufacture of the part, or a subsequent manufacturing process. In these cases, an
additive process may be desirable.

[0066] FIG. 11 shows a corner of lid 106 having a portion with multiple machining
processes performed. For example, a first cutting tool (not shown) is used to form a
first cutting arca 302 generally along lid 106 (see also, FIG. 3). First cutting area 302
is generally configured to create additional room for at least one component in the
electronic device, or to remove excessive material thereby reducing weight.
However, in order to make more precise cuts near the edge of lid 106, a second
cutting tool (not shown) is used to form a second cutting area 304 which may be used
to create a stiffening portion for an LED used for backlighting. As shown in FIG. 11,
a portion of second cutting arca 304 overlaps with first cutting area 302, shown as
overlap region 306. Because the first and second cutting tools are different, first
cutting area 302 and second cutting area 304 may include varying depths. In addition,
first and second cutting tools may generally cut different surfaces of lid 106. Also,
during a material removal process, the first and second cutting tools generally apply
different forces to a lid 106. Also, because the first and second cutting tools are
different, there may be different tolerances associated with the cutting tools. In some
cases, second cutting area 304 includes a region deeper than first cutting area 302 by
up to 50 microns. Due to the varying depths, when second cutting area 304 overlaps
first cutting area 302, light leaking from the LED may occur in the overlapped region
306, and ultimately escape lid 106.

[0067] FIG. 12 shows the second cutting area 304 as well as the overlap region 306
filled with a material 330. In some embodiments, material 330 a resin such as an
clastomeric resin. Material 330 is configured to make second cutting area 304
generally co-planar, or flush, with first cutting area 302. As a result, light leakage is
in this portion of lid 106 is reduced or prevented. Also, in addition to material 330
forming co-planar surfaces, material 330 is generally opaque such that light does pass
through material 330. It should be noted that an inspection system previously

described may also be configured to determine areas where the additive process may

14



WO 2016/014047 PCT/US2014/047763

10

15

20

25

30

be performed. In other words, the inspection system may incorporation
predetermined tolerances in any manner previously described to ensure compliant
surfaces. Also, subsequent to applying material 330, lid 106 may be placed in the
inspection system for further inspection to ensure material 330 is added in a desired
manner. However, it should be noted that in some embodiments, a profilometer (not
shown) is used to measure material 330 to ensure material is flush with first cutting
area 302 or surrounding portions of lid 106.

[0068]  Generally, the time required for the additive process depends at least in part
on the width of the print material as well as the amount of material required to form a
flush surface. In some embodiments, the printing machine (not shown) used to apply
material 330 is configured to print material 330 having a width approximately in the
range of 0.5 mm to 2 mm. Also, in some embodiments, material 330 includes several
layers of printed material, with subsequent layers stacked on previous applied layers.
[0069] FIG. 13 an isometric view of an enlarged portion (similar to FIG. 4) of lid
106 showing first surface 140 having first rail 142 and second rail 144; first rail 142
and second rail 142 include first protrusion 146 and second protrusion 148. Rather
than using a removal tool, as shown in FIG. &, in some cases, a material can be added
to first protrusion 146 and second protrusion 148 such that first rail 142 and second
rail 144 are within first tolerance 192 and second tolerance 194, respectively. FIG. 14
shows material 330 applied to first rail 142 and second rail 142 to form inclined
portions. For example, first rail 142 includes first incline portion 332. By doing so,
an adhesive layer (not shown) is capable of flowing over first protrusion 146 and
second protrusion 148. In some embodiments, material 330 is applied by print head
340 which is part of an inkjet printing machine capable of communicating with the
inspection system to receive instructions, and actuating print head 340 in two
dimensions to apply material 330 based on the instructions. In other embodiments,
print head 340 is controlled by an X-Y machine capable of communicating with the
inspection system in a similar manner. In some cases, the X-Y machine may lower or
raise print head 340 as needed. In the embodiment shown in FIG. 14, material 330 is
applied by print head 340 which is part of three-dimensional printer (not shown).
[0070] FIG. 14 illustrates an additive manufacturing process as a substitution to a
removal process. This may be desirable in situations where the number of additive
processes outnumbers the number of removal processes to be performed on the part

such that performing both additive and removal processes may require additional
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manufacturing time. However, it should be understood that in some embodiments,
both a removal process and an additive material process is performed on a part.

[0071] FIG. 15 shows an isometric view of second surface 230 (similar to FIG. 9)
configured to receive a hinge assembly. Recall second surface 230 includes first
height 232 is less than second height 234, where first height 232 and second height
234 are measured vertically from the bottom of lid 106 to second surface 230. As
shown in FIG. 16, rather than removing portions of second surface 230, a print head
(not shown) may be configured to add several print segments 350 to second surface
230 such that second surface 230 combined with print segments 350 form a surface
within tolerance 196. In some embodiments, print segments 350 are made from a
material similar to the elastomeric resin previously described. In the embodiment
shown in FIG. 16, print segments 350 are formed from a more rigid resin material as
compared to the elastomeric resin material used on first rail 142 and second rail 144,
shown in FIG. 14. In this manner, print segments 350 can support a hinge assembly
which may create additional stress on second surface 230. Also, similar to the
removal process of second surface 230 (shown in FIG. 10), the additive process in
FIG. 16 allows a hinge assembly positioned on material 350 to function in a desired
manner.

[0072] An inspection system previously described may be configured to inspect
second surface 230 for uneven portions, and signal to a print head (not shown) to add
print segments 350 to certain portions of second surface 230. For example in FIG. 16,
third height 242 may include a combined height of first height 232 and a vertical
height of first print segment 352. Accordingly, in some embodiments, the inspection
system signals the print head previously described to add print segments 350 to
certain portions such that third height 242 is substantially similar second height 234.
In some embodiments, the inspection system signals the print head to form print
segments 350 such that second surface 230 combined with print segments 350 is
within predetermined tolerance 196. Also, in some embodiments, the inspection
system is configured to select a reference surface and signal the inspection system to
add material 350 in accordance with the reference surface. For example, FIG.16
shows reference surface 362 near a portion of second surface 230 having second
height 234. The inspection system uses reference surface 362 as a base reference and
signals print head 340 to add print segments 350 in the manner described. In other

words, second surface 230, combined with the print segments shown in FIG. 16, is
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generally flat. It should be understood that print segments 350 should have varying
heights in order to achieve this. For example, first print segment 352 includes a z-
height greater than that of second print segment 354, and so on. Reference surface
362, as used in FIG. 16, is only intended for purposes of description and does not
demarcate a precise location on second surface 230. Generally, reference surface 336
is a portion having a relatively high elevation, or z-height, with respect to the entire
surface.

[0073]  Other portions of lid 106 may require additional material. For example,
FIG. 17 illustrates an isometric view of an enlarged portion of lid 106 showing third
surface 410 (shown in FIG. 3). Third surface 410 includes an offset portion 412
configured to receive an indicium previously described. In addition, offset portion
412 may also receive an adhesively layer which adhesively bonds the indicium to
offset portion 412. In some cases, offset portion 412 may be machined in a manner
such that when the indicium is placed within offset portion 412, the indicium is sub-
flush, or below, the portion of lid 106 surrounding offset portion 412. In the
embodiment shown in FIGS. 17-20, offset portion 412 is machined unevenly thereby
creating an uneven surface for the indicium, with at least some portion creating the
aforementioned sub-flush situation. For example, FIG. 18 shows a cross section of lid
106 and offset portion 412 shown in FIG. 17, with indicium 108 is positioned on
offset portion 412. Offset portion 412 includes varying heights, as measured from a
lower portion of lid 106 to the surface of offset portion 412, such that indicium 108 is
not within predetermined tolerance 198. Predetermined tolerance 198 may be
determined an inspection system previously described.

[0074] However, offset portion 412 can be rectified by adding material in order to
place indicium 108 within tolerance 198. FIG. 19 shows offset portion 412 filled with
print segments 450 such that indicium 108 is not only flat when positioned within lid
106, but also co-planar with respect to an upper portion of lid 106. Print segments 450
may be any material previously described for the additive process, and further, may
be applied using any means previously described for adding a material to a surface.
Also, the inspection system is configured to detect any uneven portions and signal to a
print head to add material in a desired manner (e.g., adding print segments 450 to
place indicium 108 within a tolerance 198). Also, the inspection system and the
printing machine previously described can be configured add material that accounts

for a thickness of an adhesive layer. In other words, print segments 450 can be added
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such that indicium 108 is ultimately flush with lid 106, or alternatively, within
tolerance 198, even when the adhesive layer (not shown) is positioned between offset
portion 412 and indicium 108. Further, in some cases, lid 106 undergoes an
anodization process prior to applying indicium 108. However, both the inspection
system and the printing machine are configured to apply print segments 450 to
account for any additional tolerance created by an anodized layer coupled with
indicium 108 and the adhesive layer. It will be appreciated that print segments 450
shown in FIG. 19 may form concentric rings around offset portion 412.

[0075] In addition to creating a level surface on offset portion 412, it is also
important to address issues with light leakage within offset portion 162. While FIG.
19 shows the print segments adjacent to each other, FIG. 20 illustrates offset portion
412 having several print segments 450 overlapping one another. For example, the
enlarged view in FIG. 20 shows print segments with first print segment 452
overlapping second print segment 454. This may further prevent light leakage near
the interface region offset portion 162 and the indicium once the indicium is installed.
Although some unevenness may occur as a result of the overlapping, print segments
450 are nonetheless configured to prevent light leakage while also allowing uniform
light across indicium 108. Further, the overlapping process is still ultimately within
predetermined tolerance 198. This overlapping process may be applied to any
additive process previously described.

[0076] Referring again to FIG. 17, the additive process for printing material onto
offset portion 412 can include printing multiple, concentric rings around offset portion
412 beginning from an inner region 414 and extending to an outer region 416. It
should be noted that a removal process previously described may be performed on
third surface 410 in order to create an even, or level, offset portion 412.

[0077] While previous embodiments illustrate the additive process generally
applied to a single surface, the additive process may also be applied to two surfaces
generally perpendicular to each other. This may be useful in instances where
unevenness, as detected by the inspection system, is found on more than one surface.
FIGS. 21 and 22 illustrate material 360 applied (e.g., printed) to a part 460 having a
horizontal surface and a vertical surface. Part 460 may be, for example, a lid or a
bottom case of an electronic device. FIG. 22 shows an enlarged view of a portion of
part 460 showing material 360 on horizontal portion 462 and vertical portion 464.
Horizontal portion 462 and vertical portion 464 may define a lip portion 466 which

18



WO 2016/014047 PCT/US2014/047763

10

15

20

25

30

extends around an outer peripheral portion of part 460. In some embodiments,
material 360 is first applied to either horizontal portion 462 or vertical portion 464,
followed by applying material 360 to the remaining portion. In other embodiments,
the print head (not shown) is configured to apply material 360 simultancously to both
horizontal portion 462 and vertical portion 464. This may lead to decreased
manufacturing times.

[0078]  Similar to the removal process, the additive process can also undergo a
second inspection in order to ensure the material applied to the part during additive
process achieves is done so in a desired manner. For example, if the part receives a
“fail,” the inspection system can further signal the print, or add, additional material.
[0079]  Also, using the additive process on a part may require less time and
attention to machining the part. For example, if the part is machined in a coarse
manner slightly out of the predetermined tolerance, a tightly controlled additive
process may be performed to place the part within the predetermined tolerances. In
this regard, less time spent machining the part coupled with applying a tightly control
additive process may reduce manufacturing times and costs related to the part.

[0080] Also, while the removal process and the additive process are discussed
separately, in some embodiments, the inspection system is configured to send a first
adjustment signal to a removal tool to remove a portion of a surface, and also send a
second adjustment signal to an additive tool to add material to the surface.
Alternatively, the first adjustment signal may be associated with the additive tool,
followed by the second adjustment signal associated with the removal tool. In this
manner, the surface is capable of receive the desired localized corrective feature in
order to place the surface within a specified tolerance.

[0081] FIG. 23 is a block diagram of an electronic device 500 suitable for use with
the described embodiments. In one example embodiment, the electronic device 500
may be embodied in or as a controller configured for controlling removing and/or
additive processes as disclosed herein. In this regard, the electronic device 500 may
be configured to control or execute the above-described removing and/or additive
processes employing, for example, inspection system 201, removal tool 220, and/or
print head 340.

[0082]  The electronic device 500 illustrates circuitry of a representative computing
device. The electronic device 500 may include a processor 502 that may be

microprocessor or controller for controlling the overall operation of the electronic
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device 500. In one embodiments, the processor 502 may be particularly configured to
perform the functions described herein relating to removing a portion of a surface
with a removal tool. In another embodiment, the processor 502 may be particularly
configured to perform the functions described herein relating to adding a material to a
surface previously described. In yet other embodiments, the processor 502 may be
particularly configured to perform the functions described herein relating to removing
and adding a material to a surface previously described. The electronic device 500
may also include a memory device 504. The memory device 504 is a non-transitory
computer readable medium that may be, for example, volatile and/or non-volatile
memory. The memory device 504 may be configured to store computer code,
information, data, files, applications, instructions or the like. For example, the
memory device 504 could be configured to buffer input data for processing by the
processor 502. Additionally or alternatively, the memory device 504 may be
configured to store instructions for execution by the processor 502.

[0083] The electronic device 500 may also include a user interface 506 that allows
a user of the electronic device 500 to interact with the electronic device. For example,
the user interface 506 can take a variety of forms, such as a button, keypad, dial, touch
screen, audio input interface, vision/image capture input interface, input in the form of
sensor data, etc. Still further, the user interface 506 may be configured to output
information to the user through a display, speaker, or other output device. A
communication interface 508 may provide for transmitting and receiving data
through, for example, a wired or wireless network such as a local area network
(LAN), a metropolitan arca network (MAN), and/or a wide area network (WAN), for
example, the Internet.

[0084] The electronic device 500 may also include a module 510. The processor
502 may be embodied as, include or otherwise control the module 510. The molding
module 510 may be configured for controlling or executing the inspection, removal,
and/or additive operations as discussed herein.

[0085] In this regard, for example, in one embodiment a computer program
product comprising at least one computer-readable storage medium having computer-
executable program code portions stored therein is provided. The computer-
executable program code portions, which may be stored in the memory device 504,
may include program code (or computer code) instructions for performing the

molding operations disclosed herein, including one or more of the operations
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described above in reference, for example to FIG. 14, and may be executed via a
processor such as the processor 502.

[0086] FIG. 24 illustrates a flowchart 600 showing a method for providing a
corrective action to an enclosure of an electronic device, in accordance with the
described embodiments. In step 602, the enclosure is scanned with an inspection
system. The inspection system may include an automated optical system previously
described. In step 604 a comparison between a dimension of the enclosure and a
predetermined tolerance of the enclosure is formed. In some embodiments, the
dimension is a first surface configured to receive a display. In other embodiments, the
dimension is a second surface configured to receive a hinge assembly. Still, in other
embodiments, the dimension is a third surface configured to receive an indicium.
Also, the predetermined tolerance includes a surface or surfaces within a specification
limit of the electronic device. The specification limit may be certain limits specified
by the manufacturer. For example, the specification limit for the first surface includes
an imaginary surface having a protrusion or protrusions with a height less than 15
microns. In this regard, the adhesive layer applied to the first surface may flow over
the protrusion or protrusions.

[0087] In step 606, the comparison between the dimension and the target is sent
from the inspection system to the tool. Sending the comparison may include
communication to the tool such that the tool may provide the corrective action as
determined by the inspection system. In some embodiments, the tool is a removal
tool (e.g., laser) configured to remove a protrusion from the first surface. In some
embodiments, the tool is a print head of a printing machine configured to add a
material to the second surface. In step 608, the tool is signaled to perform the
corrective action to the dimension based on the comparison. In some embodiments,
the corrective action includes removing a protrusion from a surface. In some
embodiments, the corrective action includes removing a portion of an uneven, or non-
level, surface in order to make the surface even, or level. In some embodiments, the
corrective action includes adding material (e.g., resin) to a surface in order build up
the surface, thereby causing the surface combined with the resin to include an even, or
level, surface.

[0088] FIG. 25 illustrates a flowchart 700 showing a method for assembling an
electronic device, in accordance with the described embodiments. In step 702, a first

adjustment is performed to a first surface of a first component, the first adjustment
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removing a portion of the first surface such that the first surface is approximately
level. In some embodiments, the first adjustment includes using a laser to laser ablate
a protrusion on the first surface. In step 704, a second adjustment is performed to a
second surface of the first component, the second adjustment adding a material to the
second surface such that the second surface is approximately level. In some
embodiments, a print head of a printing machine emits a material (e.g., resin) onto the
second surface in order to make the second surface approximately level. In step 706,
a second component is attached to the first surface of the first component. In step
708, a third component to the second surface of the first component. Attachment
means may include an adhesive (e.g., pressure sensitive adhesive, heat-activated
adhesive, epoxy, glue, etc.). Also, an automated inspection machine (e.g., AOI) may
be used to locate the first adjustment and the second adjustment.

[0089] Although the described embodiments cover inspection, removal, and
additive steps to a lid of an electronic device, other parts of the electronic device
could be inspected and corrected in a similar manner. For example, a top case 120
(shown in FIG. 2) could also undergo, for example, a removal process in order for
mating surfaces (not shown) to conform to a predetermined tolerance.

[0090] The various aspects, embodiments, implementations or features of the
described embodiments can be used separately or in any combination. Various
aspects of the described embodiments can be implemented by software, hardware or a
combination of hardware and software. The described embodiments can also be
embodied as computer readable code on a computer readable storage medium for
controlling manufacturing operations or as computer readable code on a computer
readable storage medium for controlling a manufacturing line. The computer readable
storage medium is any data storage device that can store data which can thereafter be
read by a computer system. Examples of the computer readable storage medium
include read-only memory, random-access memory, CD-ROMs, HDDs, DVDs,
magnetic tape, and optical data storage devices. The computer readable storage
medium can also be distributed over network-coupled computer systems so that the
computer readable code is stored and executed in a distributed fashion.

[0091] The foregoing description, for purposes of explanation, used specific
nomenclature to provide a thorough understanding of the described embodiments.
However, it will be apparent to one skilled in the art that the specific details are not

required in order to practice the described embodiments. Thus, the foregoing
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of illustration and description. They are not targeted to be exhaustive or to limit the
embodiments to the precise forms disclosed. It will be apparent to one of ordinary
skill in the art that many modifications and variations are possible in view of the

5  above teachings.
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CLAIMS

What 1s claimed is:

1. A method for providing a corrective action to an enclosure of an electronic
device, the method comprising;:

scanning the enclosure with an automated inspection system, the automated
inspection system capable of locating a dimension of the enclosure, the dimension not
within a predetermined tolerance of the enclosure;

forming a comparison between the dimension and the predetermined
tolerance; and

sending the comparison to a tool, the comparison signaling a tool to perform
the corrective action to the dimension based on the comparison, wherein performing
the corrective action to the dimension causes the dimension to be least within the
predetermined tolerance.
2. The method as recited in claim 1, wherein the dimension is a first surface that
receives a display of the electronic device.
3. The method as recited in claim 2, wherein the tool comprises a laser that
removes a protrusion from the first surface, the protrusion located by the automated
inspection system.
4. The method as recited in any one of claims 1-3, wherein the dimension is a
second surface having a non-level portion.
5. The method as recited in claim 4, wherein the corrective action comprises
laser ablating the non-level portion of the second surface such that the second surface
is approximately level.
6. The method as recited in claim 5, wherein the automated inspection system
selects a reference surface on the second surface, and wherein the laser ablating
removes the non-level portion such that the second surface is level with respect to the
reference surface.
7. The method as recited in claim 6, wherein the second surface is a surface that
receives a hinge assembly that pivotally connects the enclosure to a base, the base
being part of the electronic device.
8. The method as recited in claim 2, wherein the dimension is an inner portion of

a lid having a first cutting area and a second cutting area, and wherein a portion of the

24



WO 2016/014047 PCT/US2014/047763

10

15

20

25

30

second cutting area overlaps the first cutting area, the second cutting area having a
depth different from the first cutting area.
9. The method as recited in claim 8, wherein the tool is a print head that prints a
material into the second cutting area such that the depth of the second cutting area
with the material is approximately co-planar with the first cutting area.
10.  The method as recited in any one of claims 1-3 or claims 5-9, wherein the
dimension is a second surface that receives a hinge assembly, the second surface
having a non-level portion, and wherein the tool is a print head that prints a material
onto the non-level portion such that the second surface and the material form a
substantially level surface.
11.  The method as recited in in any one of claims 1-3 or claims 5-9, wherein:

the dimension is a third surface that receives an indicium, the third surface
having a non-level portion;

the tool is a print head that prints a plurality of prints segments onto the third
surface, the plurality of print segments comprising a first print segment and a second
print segment; and

a portion of the first print segment overlaps a portion of the second print
segment.
12.  The method as recited in in any one of claims 1-3 or claims 5-9, further
comprising, subsequent to the signaling the tool to perform the corrective action,
performing a second scan with the automated inspection system, the second scan
providing feedback based on the corrective action.
13. A method for assembling an electronic device, the method comprising;:

performing a first adjustment to a first surface of a first component, the first
adjustment removing a protrusion of the first surface;

performing a second adjustment to a second surface of the first component, the
second adjustment adding a material to the second surface such that the second
surface is approximately level;

attaching a second component to the first surface of the first component; and

attaching a third component to the second surface of the first component,
wherein the first adjustment and the second adjustment are located by an automated
inspection system.
14. The method as recited in claim 13, wherein the first adjustment comprises a

laser that laser ablates the first surface, and wherein the second adjustment comprises
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a print head of a printing machine, the print head printing a resin material onto the
second surface.
15.  The method as recited in claim 13, wherein performing the first adjustment
comprises the automated inspection machine communicating with the laser, and
wherein performing the second adjustment comprises the automated inspection
system communicating with a printing machine.
16.  The method as recited in any one of claims 13-15, wherein the first adjustment
places the first surface within a predetermined tolerance.
17. A non-transitory computer readable storage medium storing instructions that,
when executed by a processor, cause the processor to implement a method for providing a
corrective action to an enclosure of an electronic device, the non-transitory computer
readable storage medium comprising:

computer code for scanning the enclosure with an automated inspection
system, the automated inspection system capable of locating a dimension of the
enclosure, the dimension not within a predetermined tolerance of the enclosure;

computer code for forming a comparison between a dimension of the
enclosure and a predetermined tolerance of the enclosure; and

computer code for sending the comparison to a tool, the comparison signaling
a tool to perform the corrective action to the dimension based on the comparison,
wherein performing the corrective action to the dimension causes the dimension to be
least within the predetermined tolerance.
18. The non-transitory computer readable storage medium as recited in claim 17,
wherein the computer code for performing the corrective action comprises computer
code for removing a protrusion on a first surface of the enclosure, the first surface
configured to receive a first component of the electronic device.
19. The non-transitory computer readable storage medium as recited in claim 18,
wherein the computer code for performing the corrective action further comprises
computer code for adding a material to a second surface of the enclosure, the second
surface configured to receive a second component different from the first component.
20.  The non-transitory computer readable storage medium as recited in any one of
claim 17-19, further comprising, subsequent to the signaling the tool to perform the
corrective action, computer code for performing a second scan with the inspection

system, the second scan providing feedback based on the corrective action.
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21. A system for performing a corrective action on a lid of an electronic device,
the system comprising:

an inspection system comprising a vision system that performs a scan of the
lid to determine whether the lid is within a predetermined tolerance, the inspection
system further comprising fixture that holds the lid in place while the vision system
scans the lid;

a laser ablation tool that removes a first portion of the lid in accordance with
the predetermined tolerance; and

a print head directed by a printing machine to add a material to a second
portion the lid in accordance with the predetermined tolerance,

wherein the laser ablation tool and the print head perform the corrective action
based on the scan of the vision system.
22.  The system as recited in claim 21, wherein the first portion or the second
portion is a location of the lid that receives a display panel.
23.  The system as recited in claim 21, wherein the first portion or the second
portion is a location of the lid that receives a hinge assembly, the hinge assembly
allowing the lid to pivotally connect to a base of the electronic device.
24.  The system as recited in claim 21, wherein the first portion or the second
portion is a location of the lid that receives a logo.
25.  The system as recited in any one of claims 21-24, wherein the vision systems
determines a protrusion to be removed by the laser ablation tool by using a radius of
curvature imposed on the first portion.
26. The system as recited in claims 21-24, wherein the material is a resin material.
27.  The system as recited in claim 26, wherein the resin material blocks light
emitted from an internal component within the electronic device.
28.  The system as recited in claim 21, wherein the inspection system ignores a
protrusion that is within the predetermined tolerance.
29.  Alid for enclosing a component of an electronic device, the lid comprising:

a lip portion having a first surface and a second surface; and

a resin material applied to the horizontal portion and the vertical portion,
wherein the resin material is applied to the lip portion in accordance with a
predetermined tolerance of the lip portion.
30.  The lid as recited in claim 29, first surface is perpendicular to the second

surface.
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31.  The lid as recited in claim 29, wherein the resin material is simultancously
applied to the first surface and the second surface.
32. The lid as recited in any of claims 29-31, wherein the resin material is opaque.
33.  The lid as recited in any one of claims 29-31, wherein the resin material places
the lip within the predetermined tolerance.
34.  An additive manufacturing process for adding a material to a lid of an
electronic device, the additive manufacturing process comprising;:

performing a first scan of the lid with an automated inspection system, the
automated inspection system capable of locating a dimension of the lid out of a
predetermined tolerance;

forming a comparison between the dimension and the predetermined
tolerance;

directing a print head to perform a release of material to the dimension of the
lid out of the predetermined tolerance, the dimension out of the predetermined
tolerance determined by forming the comparison between the dimension and the
predetermined tolerance; and

releasing the material.
35.  The additive manufacturing process as recited in claim 34, further comprising
subsequent to releasing the material, performing a second scan to the lid to determine
whether the material released on the dimension causes the dimension to be within the
predetermined tolerance.
36.  The additive manufacturing process as recited in claim 35, further comprising
directing the print head to perform a second release on the dimension if the second
scan determines the dimension remains out of the predetermined tolerance.
37. The additive manufacturing process as recited in claim 35, the automated
inspection system further comprising a vision system that performs the first scan and
the second scan.
38.  The additive manufacturing process as recited in claim 34, wherein the
dimension of the lid receives a hinge assembly.
39. The additive manufacturing process as recited in any of claims 34-38, wherein
releasing the material comprises releasing a first print segment and a second print
segment approximately co-planar with the first print segment.
40. The additive manufacturing process as recited in claim 34, wherein the

dimension of the lid receives a logo.
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41.  The additive manufacturing process as recited in claim 40, wherein releasing
the material comprises printing a plurality of concentric rings of the material.

42.  The additive manufacturing process as recited in claim 41, wherein the logo is
approximately co-planar with the lid.

43. The additive manufacturing process as recited in claim 34, wherein releasing
the material comprises printing a first print segment and a second print segment, the
second print segment partially overlapping the first print segment.

44.  The additive manufacturing process as recited in claim 34, further comprising
detecting a protrusion on the dimension and releasing the material on a first portion of
the protrusion and a second portion of the protrusion, the second portion opposite the
first portion.

45.  Alid of an electronic device, the lid comprising:

a first surface that receives a display panel;

a second surface that receives a hinge assembly;

a third surface that receives an indicium, wherein at least the first surface
includes a corrective action selected from a laser ablation or material such that at least
the first surface is within a predetermined tolerance for the first surface.

46.  The lid as recited in claim 45, wherein the laser ablation removes a protrusion
on the first surface in order to place the first surface within the predetermined
tolerance.

47. The lid as recited in claim 45, wherein the second surface includes a corrective
action comprising a resin material such that the second surface is within a
predetermined tolerance for the second surface.

48. The lid as recited in any one of claims 45 or 47, wherein the corrective action
comprises a material added to a protrusion located on the first surface, the material
positioned on a first portion of the protrusion and a second portion of the protrusion,
the second portion opposite the first portion.

49, The lid as recited in claim 45, wherein the third surface includes the material,
the material comprising a plurality of concentric rings.

50.  The lid as recited in claim 49, wherein the plurality of concentric rings
includes a first print segment and a second print segment, the second print segment
partially overlapping the first print segment.

51.  The lid as recited in claim 50, wherein the plurality of concentric rings place

the third surface within the predetermined tolerance.
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52. The lid as recited in claim 45, wherein the second surface includes the
material, the material comprising a first print segment and a second print segment, the
second print segment approximately co-planar with the first print segment.
53. A method for prevent light from escaping from an electronic device, the
method comprising:

scanning a first rail and a second rail of a lid of the electronic device, the first
rail and the second rail receiving a display panel;

determining, based on the scan of the first rail and the second rail, whether the
first rail and the second rail are with a predetermined tolerance; and

performing a corrective action to the first rail or the second rail based on the
determining whether the first rail and the second rail are with the predetermined
tolerance, wherein the corrective action allows the display panel to lie flat on the first
rail and the second rail.
54.  The method as recited in claim 53, further comprising performing a laser
ablation to the first rail if the comparison determines the first rail is not within the
predetermined tolerance, wherein the laser ablation removes a portion of the first rail.
55.  The method as recited in any one of claims 53-54, further comprising
subsequent to performing the corrective action, performing a second scan of the first
rail and the second rail to determine whether the corrective action places the first rail
and the second rail within the predetermined tolerance.
56.  The method as recited in claim 55, further comprising performing a second
corrective action if the second scan determines the first rail or the second rail is not
within the predetermined tolerance.
57.  The method as recited in claim 53, wherein the corrective action comprises
releasing a material proximate to a protrusion located on the first rail.
58.  The method as recited in claim any one of claims 53-54, further comprising
plotting a grid on the first rail and the second rail, and calculating a radius of
curvature of the first rail and the second rail.
59.  The method as recited in any one of claims 53-54, further comprising
adhesively attaching the display panel to the first rail and the second rail.
60.  The method as recited in claim 53, wherein performing the corrective action
comprising releasing a resin material that blocks light emitted from within the

electronic device.

30



WO 2016/014047 PCT/US2014/047763

FIG. 1

100
N\




WO 2016/014047

2/16

PCT/US2014/047763

FIG. 2



WO 2016/014047 PCT/US2014/047763

3/16

/ 300
)
=/

)

e

%
FIG. 3

S

|
230 J

[\
s )

106
N\
140
N\



PCT/US2014/047763

WO 2016/014047

4/16
164
148
. T 144
FiG. 4
110
148 \
166
| |
152 |
{
!
| 144
i
i
110 |
— 146]
{
!
\ /_ 166 " ///////
4\ // / v', //,/)’/
e ] | //’ ‘\
«—¥— ST ——— 148
/ """ 1\\

106 —/

FIG. 5



WO 2016/014047 PCT/US2014/047763

5/16




WO 2016/014047 PCT/US2014/047763

142

110 \

166

142

FIG. 8



7/16

FiIG. 10



WO 2016/014047 PCT/US2014/047763

8/16
U / L — 302
f 306 /
\
\ 304
106 /
FIG. 11

FIG. 12



PCT/US2014/047763

WO 2016/014047

9/16




WO 2016/014047 PCT/US2014/047763

10/16

352

362

242

232
196

234

FIG. 16



WO 2016/014047 PCT/US2014/047763

11/16

106
N\

FIG. 17



WO 2016/014047 PCT/US2014/047763

12/16

412

FIG. 18

108

FiIG. 19

412

FIG. 20



WO 2016/014047 PCT/US2014/047763

13/16

FIG. 22

FiIG. 21

460
\ 360
462 ‘\ /

FiIG. 22



WO 2016/014047 PCT/US2014/047763

14/16
500
.
506 508
USER COMMUNICATION
INTERFACE INTERFACE

— 502
PROCESSOR

N 504

MODULE MEMORY

FIG. 23



WO 2016/014047 PCT/US2014/047763

15/16

600
N\

602
SCAN THE ENCLOSURE WITH AN INSPECTION
SYSTEM

l

604
FORM A COMPARISON BETWEEN A DIMENSION
OF THE ENCLOSURE AND A PREDETERMINED
TOLERANCE OF THE ENCLOSURE

'

606
SEND THE COMPARISON FROM THE INSPECTION
SYSTEM TO A TOOL

'

608
SIGNAL THE TOOL TO PERFORM THE
CORRECTIVE ACTION TO THE ENCLOSURE
BASED ON THE COMPARISON

FIG. 24



WO 2016/014047 PCT/US2014/047763

16/16

700
N\

702
PERFORM A FIRST ADJUSTMENT TO A FIRST SURFACE
OF A FIRST COMPONENT, THE FIRST ADJUSTMENT
REMOVING A PORTION OF THE FIRST SURFACE SUCH
THAT THE FIRST SURFACE IS APPROXIMATELY LEVEL

v

704
PERFORM A SECOND ADJUSTMENT TO A SECOND
SURFACE OF THE FIRST COMPONENT, THE SECOND
ADJUSTMENT ADDING A MATERIAL TO THE SECOND
SURFACE SUCH THAT THE SECOND SURFACE IS
APPROXIMATELY LEVEL

!

706
ATTACH A SECOND COMPONENT TO THE FIRST
SURFACE OF THE FIRST COMPONENT

'

708
ATTACH A THIRD COMPONENT TO THE SECOND
SURFACE OF THE FIRST COMPONENT

FIG. 25



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2014/047763

A. CLASSIFICATION OF SUBJECT MATTER
GOGF 1/16(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

21/66; BO7C 5/342; HO1L 21/00

Minimum documentation searched (classification system followed by classification symbols)
GOG6F 1/16; GO1R 31/26; GO2B 520; HO4N 7/18; GO6K 9/46; GO2F 11335; B28B 17/00; HO1L 21/26; GOIN 21/88; B29D 11/00; HO1L

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

hinge

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: inspection, predetermined, tolerance, corrective, scan, adjustment, surface, material, laptop,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2014-0055600 A1 (BRETT C. ONG et al.) 27 February 2014 1-7,17-18,21-25, 28
See paragraphs [0023], [0025], [0030], [0046]; claims 1, 3, 13; ,34-38,40,53-57
and figure 1. ,59-60
A 8-9,19-20,39,41-44
,58
Y EP 0700515 B1 (MILLENNIUM VENTURE HOLDINGS LTD.) 06 September 2000 1-7,17-18,21-25, 28
See paragraph [0058]; and figure 6. ,34-38,40,53-57
,59-60
A 8-9,19-20,39,41-44
,58
Y US 2010-0219542 A1 (SUSUMU TSUJIKAWA et al.) 02 September 2010 1-7,17-18,21-25, 28
See paragraphs [0001], [0005], [0007], [0016]; and figure 1. ,34-38,40,53-57
,59-60
A 8-9,19-20,39,41-44
,58
A US 2006-0157697 A1 (HAJIME NAGANO) 20 July 2006 13-16
See paragraphs [0009]-[0010]; and figure 6.

N7 . . . .
Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

carlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later
than the priority date claimed

g

o

nQon

npn

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

'

myn

ngn

Date of the actual completion of the international search
25 March 2015 (25.03.2015)

Date of mailing of the international search report

25 March 2015 (25.03.2015)

Name and mailing address of the ISA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No. ++82 42 472 7140

Authorized officer

SRS
& Naxg,

RN ‘.\\\\\
3 ¥

N
S
A Rt

LEE, Dong Yun

Telephone No. +82-42-481-8734

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/047763

Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. m Claims Nos.: 27
) because they relate to patts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:
Claim 27 is not clear because the refer to claim 26, which do not comply with PCT Rule 6.4(a). Therefore, claim 27 do not
meet the requirements of PCT Article 6.

3. Claims Nos.: 10-12, 26
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
Group I, Claims 1-9, 17-25, 28, 34-44, 53-60 relate to providing a corrective action to defect of an electronic device.
Group II, Claims 13-16 relate to assembling an electronic device.
Group III, Claims 29-33, 45-52 relate to structure of an electronic device.

The invention listed as Groups I, IT and IIl do not relate to a single general inventive concept under PCT Rule 13.1, because under
PCT Rule 13.2 they lack the same or corresponding special technical features for the following reasons; they are separate
inventions with distinct fields of search.

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search repott covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2014/047763

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 2007-0087457 A1 (TZYY-JANG TSENG et al.) 19 April 2007
See paragraph [0014]; and figure 7.
A US 2005-0002016 A1 (I-CHANG TSAO) 06 January 2005
See claim 1; and figure 5.
X US 2009-0067125 A1 (XIAOSONG XIA et al.) 12 March 2009
See paragraphs [0023], [0046], [0050]; claim 1; and figures 4, 11.
Y
A
Y US 2005-0128695 A1 (JAE-UK HAN) 16 June 2005
See paragraph [0008]; and figure 1.
A
Y US 6828069 Bl (SHIGEYASU NAKAZAWA et al.) 07 December 2004
See column 3, lines 8-12; column 4, lines 61-67; claim 2; and
figure 3(C).
A

13-16

13-16

29-33

45-49
50-52

45-49

50-52

45-49

50-52

Form PCT/ISA/210 (continuation of second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2014/047763
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014-0055600 Al 27/02/2014 None
EP 0700515 B1 06/09/2000 AU 6802694 A 20/12/1994
BR 9406727 A 30/01/1996
CN 1095079 C 27/11/2002
CN 1127037 A 17/07/1996
DE 69425822 D1 12/10/2000
DE 69425822 T2 19/04/2001
EP 0700515 Al 13/03/1996
ES 2153421 T3 01/03/2001
KR 10-1996-0702609 A 27/04/1996
PT 700515 E 30/03/2001
TW 392115 A 01/06/2000
WO 1994-028397 Al 08/12/1994
US 2010-0219542 Al 02/09/2010 CN 101248374 A 20/08/2008
JP 5020820 B2 05/09/2012
KR 10-1250965 Bl 04/04/2013
KR 10-2008-0052571 A 11/06/2008
US 8124000 B2 28/02/2012
WO 2007-018038 Al 15/02/2007
WO 2007-018038 A9 04/10/2007
US 2006-0157697 Al 20/07/2006 JP 2006-100602 A 13/04/2006
US 2007-0087457 Al 19/04/2007 JP 2007-110065 A 26/04/2007
JP 4583317 B2 17/11/2010
TW 1301737 B 01/10/2008
US 2005-0002016 Al 06/01/2005 KR 10-0769028 Bl 22/10/2007
KR 10-2005-0004081 A 12/01/2005
SG 129299 Al 26/02/2007
TW 1254792 B 11/05/2006
US 7184132 B2 27/02/2007
US 2009-0067125 Al 12/03/2009 CA 2638556 Al 12/03/2009
CA 2638556 C 25/03/2014
CN 201035465 Y 12/03/2008
EP 2040141 Al 25/03/2009
US 8009415 B2 30/08/2011
US 2005-0128695 Al 16/06/2005 CN 1303492 C 07/03/2007
CN 1627229 A 15/06/2005
CN 1627229 CO 07/03/2007
JP 2005-174348 A 30/06/2005
KR 10-0534125 Bl 08/12/2005
US 7283355 B2 16/10/2007
US 6828069 Bl 07/12/2004 JP 2001-066418 A 16/03/2001

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/047763
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 2010-160520 A 22/07/2010
JP 4521741 B2 11/08/2010
JP 4632324 B2 16/02/2011
KR 10-0695859 Bl 20/03/2007
KR 10-2001-0007525 A 26/01/2001
SG 87130 Al 19/03/2002
TW 505796 A 11/10/2002

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - wo-search-report
	Page 49 - wo-search-report
	Page 50 - wo-search-report
	Page 51 - wo-search-report
	Page 52 - wo-search-report

