wO 2009/017996 A2 |10 0 OO0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
5 February 2009 (05.02.2009)

‘ﬂ[l A0 0

(10) International Publication Number

WO 2009/017996 A2

(51) International Patent Classification:
B29D 31/00 (2006.01) B29C 45/14 (2006.01)
B29D 11/00 (2006.01) HO5K 5/00 (2006.01)
B29C 45/00 (2006.01) HO5K 7/00 (2006.01)

(21) International Application Number:
PCT/US2008/070592

(22) International Filing Date: 21 July 2008 (21.07.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/830,300 30 July 2007 (30.07.2007) US

(71) Applicant (for all designated States except US): MO-

TOROLA, INC. [US/US]; 1303 East Algonquin Road,
Schaumburg, I1. 60196 (US).

(72) Inventor; and
(75) Inventor/Applicant (for US only): CAINE, Michael, E.
[US/US]; 37 Fair Oakes Park, Needham, MA 02492 (US).

(74) Agents: CUNNINGHAM, Gary, J. et al.; 600 North U.S.
Highway 45, Libertyville, IL. 60048 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

(34)

(54) Title: IN-MOLD SEPARATED LIGHT GUIDES

112
114
102 116
\ 100
116
\T I;\ \\s
104 : :I :
|
NE Y
| B iH— 106
3 116 | L~ ,
NSt
L
| o
108—1@ RN 3
s N
| |
110— | :l\:\lr\"
150} | 1326
—1 v
[ LT 324

(57) Abstract: A molded plastic structure (100) can
include an in-mold decoration (112) having at least a
first illumination feature (108) positioned at a first por-
tion (142) of the molded plastic structure. The molded
plastic structure also can include a first substrate (114)
positioned proximate to the in-mold decoration, and a
substantially optically clear or translucent second sub-
strate (116) positioned proximate to the in-mold deco-
ration. The second substrate can extend from the first
portion of the molded plastic structure to a second por-
tion (144) of the molded plastic structure. The second
portion can be distal from the first portion. A sepa-
ration layer (320) can be positioned between at least a
portion of the first substrate and at least a portion of the
second substrate. The separation layer can backscatter
a substantial portion of light incident on at least a first
side of the separation layer.
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IN-MOLD SEPARATED LIGHT GUIDES

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention generally relates to plastics and, more particularly,
to plastic molding processes.

Background of the Invention

[0002] On modern electronic devices, it is oftentimes desirable to illuminate
selected portions of one or more exterior surfaces. For example, it may be desirable
to illuminate graphics and icons on a keypad in order to convey information to a user
based on a specific input or operating mode. It also may be desirable to display
graphics or patterns on a device to indicate a ringtone alert, provide gaming feedback,
or to enhance music playback. The placement and illumination of such graphics is
limited by the ability to locate lighting elements in proximity to a desired graphic, and
in isolating the illumination of the desired graphic from other nearby graphics.

[0003] Light pipes (e.g. fiber optic cables) can be used to convey light from a
lighting element, such as a light emitting diode (LED), to a desired location elsewhere
on the device. A conventional light pipe oftentimes comprises a clear or translucent
material, such as glass or plastic, surrounded by a reflective material, or material of
differing refractive index, that maintains light inside the clear or translucent material
until the light reaches the desired location. Such light pipes typically are expensive,

bulky or can be difficult to assemble into a compact package, however.
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SUMMARY OF THE INVENTION
[0004] The present invention relates to a molded plastic structure. The molded
plastic structure can include an in-mold decoration having at least a first illumination
feature positioned at a first portion of the molded plastic structure. The molded
plastic structure also can include a first substrate positioned proximate to the in-mold
decoration, and a substantially optically clear or translucent second substrate
positioned proximate to the in-mold decoration. The second substrate can extend
from the first portion of the molded plastic structure to a second portion of the molded
plastic structure. The second portion can be distal from the first portion. A separation
layer can be positioned between at least a portion of the first substrate and at least a
portion of the second substrate. The separation layer can backscatter a substantial
portion of light incident on at least a first side of the separation layer.
[0005] The present invention also relates to a device housing, which can include
an in-mold decoration having at least a first illumination feature positioned at a first
portion of the device housing. A first substrate can be positioned proximate to the in-
mold decoration. A substantially optically clear or translucent second substrate can
be positioned proximate to the in-mold decoration. The second substrate can extend
from the first portion of the device housing to a second portion of the device housing.
The second portion can be distal from the first portion. A separation layer can be
positioned between at least a portion of the first substrate and at least a portion of the
second substrate. The separation layer can backscatter a substantial portion of light
incident on at least a first side of the separation layer.
[0006] The present invention also relates to a method of manufacturing a molded

plastic structure. The method can include inserting an in-mold decoration into a mold
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having a first cavity configuration. The in-mold decoration can include at least a first
illumination feature. The method also can include injecting a first substrate into the
mold, forming a separation layer over the first substrate, and injecting a second
translucent or optically clear substrate into the mold to define at least one light pipe
extending from a first portion of the molded plastic structure proximate to the first
illumination feature to a second portion of the molded plastic structure distal from the
illumination feature.

[0007] In another arrangement, the method can include inserting an in-mold
decoration into a mold having a first cavity configuration. The in-mold decoration
can include at least a first illumination feature. The method also can include injecting
a first translucent or optically clear substrate into the mold to define at least one light
pipe extending from a first portion of the molded plastic structure proximate to the
first illumination feature to a second portion of the molded plastic structure distal
from the illumination feature. A separation layer can be formed over the first

substrate, and a second substrate can be injected into the mold.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Preferred embodiments of the present invention will be described below in
more detail, with reference to the accompanying drawings, in which:
[0009] FIG. 1 depicts a perspective view of a first side of a molded plastic
structure that is useful for understanding the present invention;
[0010] FIG. 2 depicts a perspective view of a second side of the molded plastic

structure of FIG. 1;
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[0011] FIG. 3 is an enlarged section view of the molded plastic structure of FIG.
1, taken along section line 3-3;

[0012] FIG. 4 is another enlarged section view of the molded plastic structure of
FIG. 1, taken along section line 3-3; and

[0013] FIG. 5 is a flowchart presenting a method for manufacturing a molded

plastic structure, which is useful for understanding the present invention.

DETAILED DESCRIPTION
[0014] While the specification concludes with claims defining features of the
invention that are regarded as novel, it is believed that the invention will be better
understood from a consideration of the description in conjunction with the drawings.
As required, detailed embodiments of the present invention are disclosed herein;
however, it is to be understood that the disclosed embodiments are merely exemplary
of the invention, which can be embodied in various forms. Therefore, specific
structural and functional details disclosed herein are not to be interpreted as limiting,
but merely as a basis for the claims and as a representative basis for teaching one
skilled in the art to variously employ the present invention in virtually any
appropriately detailed structure. Further, the terms and phrases used herein are not
intended to be limiting but rather to provide an understandable description of the
invention.
[0015] FIG. 1 depicts a perspective view of a first side 102 of a molded plastic
structure (hereinafter “structure”) 100 that is useful for understanding the present
invention. The structure 100 can be a component of a device which includes one or

more illumination features 104, 106, 108, 110. As used herein, the term “illumination
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feature” means a component or portion of a component which may be illuminated.
For example, an illumination feature can be an indicator or a graphic. An illumination
feature may be selectively illuminated or permanently illuminated.

[0016] In one arrangement, the structure 100 can be a component of a device
housing, although the invention is not limited in this regard. Examples of such a
device can include, but are not limited to, telephones, radios, computers, personal
digital assistants, gaming devices, audio equipment, video equipment, networking
equipment, appliances, instruments, and so on. In that regard, although the structure
100 can be substantially planar, this need not be the case. Indeed, the structure 100
can have any desired shape.

[0017] The structure 100 can include an in-mold decoration (hereinafter
“decoration’) 112 that defines the illumination features 104, 106, 108, 110. The
decoration 112 can comprise foil (e.g. aluminum), film (e.g. polyester, polypropylene,
polyethylene trichloride, polystyrene, etc.) and/or a metalized film. The decoration
112 may further comprise graphic patterns which may be printed or otherwise
incorporated onto, the decoration 112 using dyes, inks and/or other colored pigments.
The decoration 112 may be integrated into the structure 100 during a molding
operation, as will be described in greater detail. For example, the decoration 112 can
be proximate to one or more substrates 114, 116 on the first side 102 of the structure
100. As used herein, the term “substrate” means a structural layer comprising a
suitable resin, such as plastic. The substrate 114 and the substrate 116 can be
substantially contiguous on the first side 102 of the structure 100. The term
“proximate,” as used herein, is defined as adequately close so as to achieve a desired

functionality. For example, the decoration 112 can be adequately close to the second
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substrate 116 so as to receive light propagating through the second substrate 116 that
is intended to be guided to the decoration 112.

[0018] Briefly referring to FIG. 2, a perspective view of a second side 218 of the
structure 100 is depicted. In one arrangement, the second substrate 116 can be
translucent. In another arrangement, the second substrate 116 can be optically clear.
The first substrate 114 also may be translucent or optically clear. Alternatively, the
first substrate 114 can be opaque. Further, the substrate 114 and the substrate 116 can
be substantially contiguous on the second side 218, though this need not be the case.
[0019] Reference now should be made to FIG. 3, which depicts an enlarged
section view of the molded plastic structure 100 of FIG. 1, taken along section line 3-
3. A separation layer 320 can be disposed between at least a portion of the first
substrate 114 and at least a portion of the second substrate 116. The separation layer
320 can be configured to backscatter at least a substantial portion of light propagating
through the second substrate 116. In an arrangement in which the first substrate 114
is translucent or optically clear, the separation layer 320 also can backscatter a
substantial portion of light propagating through the first substrate 114.

[0020] As used herein, the term “backscatter” means the reflection, refraction
and/or re-radiation of light incident on a first side of an object such that the light is not
transmitted through the object so as to radiate from a second opposing side of the
object. Thus, a substantial portion of light incident on the separation layer 320 from
the second substrate 116 can be reflected and/or re-radiated so as to continue
propagating through the second substrate 116. A substantial portion can be greater
than 99% of the light, greater than 95% of the light, greater than 90% of the light,

greater than 85% of the light, greater than 80% of the light, greater than 75% of the
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light, greater than 70% of the light, greater than 65% of the light, greater than 60% of
the light, greater than 55% of the light, or greater than 50% of the light.

[0021] In one arrangement, the separation layer 320 can comprise foil, film or
metalized film. In another arrangement, the separation layer 320 can comprise a third
substrate, for instance a substrate having a different index of refraction than the
second substrate 116 and/or the first substrate 114. In yet another arrangement, the
separation layer 320 can be defined by impurities introduced into a portion of the first
substrate 114 and/or a portion of the second substrate 116 so as to change a refractive
index of the respective portion(s). For example, the separation layer 320 can be
defined by air bubbles that are introduced into a portion of the first substrate 114 that
is proximate to the second substrate 116, and/or air bubbles that are introduced into a
portion of the second substrate 116 that is proximate to the first substrate 114. The
separation layer 320 may be introduced into the structure 100 during a molding
operation, as also will be described in greater detail.

[0022] A back layer 322 also can be provided to backscatter light propagating
through the second substrate 116 (and the first substrate 114 if it is translucent or
optically clear). The back layer 322 also can comprise foil, film, metalized film, a
third substrate, or impurities introduced into the first substrate 114 and/or the second
substrate 116. The second substrate 116, the separation layer 320 and, optionally, the
back layer 322 can define one or more of light pipes 324, 326, 328 through which
light can be transmitted to illumination features. Similarly, in an arrangement in
which the first substrate 114 is translucent, the first substrate 114, the separation layer
320 and the decoration 112 can define one or more of light pipes 330, 332 through

which light can be transmitted to illumination features.
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[0023] A textured surface 334 can be provided on the back layer 322 in a region
proximate, and in opposition, to illumination features, such as the illumination feature
108. For example, the textured surface 334 can be disposed on, or positioned
proximate to, a side 323 of the back layer 322, directly opposing the illumination
feature 108. In another arrangement, the textured surface 334 can be defined in the
second substrate 116, for instance on a side 325 of the second substrate 116 opposing
the illumination features.

[0024] The textured surface 334 can be configured to cause a substantial portion
of light propagating through the second substrate 116 to reflect and/or refract toward
the illumination features. For example, the textured surface 334 can reflect and/or
refract light such that a portion of the light is orthogonally incident on a portion 336
of the separation layer 320 that is proximate to the illumination feature 108.
Orthogonally incident light may exhibit less reflection/refraction as compared to light
incident at other angles. Accordingly, much of the light orthogonally incident at the
portion 336 will pass through the separation layer 320 to illuminate the illumination
feature 108. Further, the portion 336 of the separation layer 320 also can be locally
transparent, for example if other portions of the separation layer 320 are reflective or
otherwise opaque, though this need not be the case. In one arrangement, the textured
surface 334 can comprise a micro-lens array. Micro-lens arrays are known to the
skilled artisan.

[0025] FIG. 4, which also is a section view taken along section line 3-3, depicts
another arrangement of the molded plastic structure 100. In this arrangement, the first
substrate 114 can be translucent or optically clear and a thin layer 438 of the first

substrate 114 can extend beneath the decoration 112. Such an arrangement can be
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used to provide mechanical stiffness to the first substrate 114 as it remains in a mold
during various molding processes. Further, a thin layer 440 of the second substrate
116 can extend between the separation layer 320 and the back layer 322. This
arrangement can be used to reduce any tendency for the separation layer 320 to pull
away from the substrate 114 during the molding process. The decision whether to
implement the layer 438 and/or the layer 440 can be dependent on the type of resins
used to form the structure 100 and the geometry of the structure 100.

[0026] Referring again to FIG. 1, the second substrate 116, which defines the light
pipe 324, can be positioned at a first portion 142 of the structure 100, proximate to the
illumination feature 108. The second substrate 116 can extend to a second portion
144 of the structure 100, which can be positioned distally from the illumination
feature 108. For example, the second portion 144 can be positioned proximate to a
light source 146 (e.g. a lamp, LED, etc.). Thus, the light pipe 324 can convey light
from the light source 146 to the illumination feature 108. As used herein, the term
“distal” means not close. For example, the second portion 144 can be positioned
distant from the illumination feature 108 such that the light pipe 324 is necessary to
insure adequate light is conveyed from the portion 144 to the illumination feature 108.
[0027] As noted, the first substrate 114 also can define one or more light pipes.
For example, the first substrate 114, which can define a light pipe 148, can be
positioned at a third portion 150 of the structure 100, proximate to the illumination
feature 110. The first substrate 114 can extend to a fourth portion 152 of the structure
100, which can be positioned distally from the illumination feature 110. For example,
the fourth portion 152 can be positioned proximate to a light source 154. Thus, the

light pipe 148 can convey light from the light source 154 to the illumination feature
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110. Still, other light pipes, for example light pipes 326, 328, can be defined in the
structure 100 and the invention is not limited in this regard.

[0028] FIG. 5 is a flowchart presenting a method 500 of manufacturing a molded
plastic structure, which is useful for understanding the present invention. At step 502,
an in-mold decoration comprising one or more illumination features can be inserted
into a mold having a first cavity configuration. For example, the decoration 112 can
be clamped into place between a first component and a second component of an
injection mold. At step 504 a first substrate, for example a plastic resin, can be
injected into the mold. The first and second components of the mold can be separated
after the first substrate has suitably cured.

[0029] At step 506, a separation layer can be formed over the first substrate. For
instance, the first and second portions of the mold can be separated to expose the first
substrate, and the first substrate can be retained in the first portion of the mold. A
foil, film or a metalized film which may define the separation layer can be placed over
the first substrate. In another arrangement, a third substrate can be introduced over
the first substrate. As noted, the third substrate can have a different index of
refraction than the first substrate or a second substrate that may be introduced into the
mold. In yet another arrangement, impurities, such as gas bubbles, can be introduced
to define the separation layer. For example, the separation layer can comprise a film
that is impregnated with air bubbles. In another arrangement, the separation layer can
comprise one or more materials that generate gas bubbles during the molding process,
for instance when exposed to high temperatures associated with the molding process.

The impurities also can be introduced on a portion of the first substrate that will

10
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interface with a portion of the second substrate, and/or on a portion of the second
substrate that will interface with a portion of the first substrate.

[0030] A third component of the mold can be mated to the first component,
replacing the second component and reconfiguring the mold to have a second cavity
configuration. In an arrangement in which the separation layer comprises a foil, film
or metalized film, the separation layer can be clamped between the first and third
components of the mold.

[0031] Proceeding to step 508, a second translucent or optically clear substrate
can be injected into the additional cavity space defined by the third portion of the
mold, thereby defining at least one light pipe in the molded plastic structure. The
light pipe can extend from a first portion of the molded plastic structure proximate to
the first illumination feature to a second portion of the molded plastic structure distal
from the illumination feature. The first and third portions of the mold can be
separated after the second substrate has suitably cured or cooled.

[0032] At step 510, a textured surface can be formed over the second substrate.
For example, a back layer which comprises one or more textured surfaces can be
applied over the structure that comprises the first and second substrates. The textured
surface(s) can be positioned proximate to the illumination features. In lieu of a
textured back layer, one or more textured surfaces can be introduced on the second
substrate by defining such textured surfaces in the mold, for instance in the first
portion and/or the third portion of the mold. Textured surfaces also may be defined in
the first and/or second portions of the mold to introduce textured surfaces on the first

substrate, but the invention is not limited in this regard.

11
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[0033] The flowchart and diagrams in the figures illustrate the architecture,
functionality, and operation of possible implementations of systems and methods
according to various embodiments of the present invention. It should also be noted
that, in some alternative implementations, the functions noted in the block may occur
out of the order noted in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the blocks may sometimes be
executed in the reverse order, depending upon the functionality involved.

[0034] The terms “a” and “an,” as used herein, are defined as one or more than
one. The term “plurality,” as used herein, is defined as two or more than two. The
term “another,” as used herein, is defined as at least a second or more. The terms
“including” and/or “having,” as used herein, are defined as comprising (i.e. open
language).

[0035] This invention can be embodied in other forms without departing from the
spirit or essential attributes thereof. Accordingly, reference should be made to the
following claims, rather than to the foregoing specification, as indicating the scope of
the invention.

[0036] What is claimed is:

12
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CLAIMS
1. A molded plastic structure, comprising:

an in-mold decoration comprising at least a first illumination feature
positioned at a first portion of the molded plastic structure;

a first substrate positioned proximate to the in-mold decoration;

a substantially optically clear or translucent second substrate positioned
proximate to the in-mold decoration, the second substrate extending from the first
portion of the molded plastic structure to a second portion of the molded plastic
structure, the second portion distal from the first portion; and

a separation layer positioned between at least a portion of the first substrate
and at least a portion of the second substrate, the separation layer backscattering a

substantial portion of light incident on at least a first side of the separation layer.

2. The molded plastic structure of claim 1, wherein the separation layer
comprises at least one material selected from the group consisting of a foil, a film and

a metalized film.

3. The molded plastic structure of claim 1, wherein the separation layer

comprises a third substrate.

4. The molded plastic structure of claim 1, wherein the separation layer is

defined by impurities that are introduced into a portion of the first substrate, a portion

of the second substrate, or a portion of a third substrate.

13
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5. The molded plastic structure of claim 1, wherein the second portion of the

molded plastic structure is positioned proximate to a light source.

6. The molded plastic structure of claim 1, wherein the first substrate and the

second substrate define a substantially continuous surface.

7. The molded plastic structure of claim 1, further comprising a textured surface

positioned in a region proximate to the first illumination feature.

8. The molded plastic structure of claim 7, wherein the textured surface

comprises a micro-lens array.

9. The molded plastic structure of claim 1, wherein:

the in-mold decoration comprises a second illumination feature positioned at a
third portion of the molded plastic structure;

the first substrate is optically clear or translucent; and

the first substrate extends from the third portion of the molded plastic structure
to a fourth portion of the molded plastic structure, the fourth portion distal from the

third portion.

10.  The molded plastic structure of claim 9, wherein the fourth portion of the

molded plastic structure is positioned proximate to a light source.

14
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11. A device housing, comprising:

an in-mold decoration comprising at least a first illumination feature
positioned at a first portion of the device housing;

a first substrate positioned proximate to the in-mold decoration;

a substantially optically clear or translucent second substrate positioned
proximate to the in-mold decoration, the second substrate extending from the first
portion of the device housing to a second portion of the device housing, the second
portion distal from the first portion; and

a separation layer positioned between at least a portion of the first substrate
and at least a portion of the second substrate, the separation layer backscattering a

substantial portion of light incident on at least a first side of the separation layer.

12. The device housing of claim 11, wherein the separation layer comprises at

least one material selected from the group consisting of a foil, a film and a metalized

film.

13.  The device housing of claim 11, wherein the separation layer comprises a third
substrate.

14. The device housing of claim 11, wherein the separation layer is defined by

impurities that are introduced into a portion of the first substrate, a portion of the

second substrate, or a portion of a third substrate.

15
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15. A method of manufacturing a molded plastic structure, comprising;:

inserting an in-mold decoration comprising at least a first illumination feature
into a mold having a first cavity configuration;

injecting a first substrate into the mold;

forming a separation layer over the first substrate; and

injecting a second translucent or optically clear substrate into the mold to
define at least one light pipe extending from a first portion of the molded plastic
structure proximate to the first illumination feature to a second portion of the molded

plastic structure distal from the illumination feature.

16. The method of claim 15, wherein forming the separation layer comprises

placing a foil, film or metalized film over the first substrate.

17. The method of claim 15, wherein forming the separation layer comprises a

third substrate over the first substrate.

18. The method of claim 15, wherein forming the separation layer comprises
introducing impurities into a portion of the first substrate or a portion of the second

substrate.

19. The method of claim 15, wherein forming the separation layer comprises

introducing air bubbles into a portion of the first substrate, a portion of the second

substrate, or a portion of a third substrate that forms the separation layer.

16
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20. The method of claim 15, wherein injecting the second substrate comprises

introducing a textured surface on the second substrate.

21. A method of manufacturing a molded plastic structure, comprising:
5 inserting an in-mold decoration comprising at least a first illumination feature

into a mold having a first cavity configuration;

injecting a first translucent or optically clear substrate into the mold to define
at least one light pipe extending from a first portion of the molded plastic structure
proximate to the first illumination feature to a second portion of the molded plastic

10 structure distal from the illumination feature;
forming a separation layer over the first substrate; and

injecting a second substrate into the mold.

17
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2/2

500

Insert an in-mold decoration into a mold having a first
cavity configuration
502

A
Inject a first substrate into the mold

504

A

Form a separator layer inside the mold, over the first

substrate, and reconfigure the mold to have a second
cavity configuration

506

A
Inject a second substrate into the mold

508

y
Form a textured surface over the second substrate
510

FIG. 5
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