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FOCUS COMPENSATION FOR OPTICAL ELEMENTS AND
APPLICATIONS THEREOF

RELATED APPLICATION DATA

The present application claims priority pursuant to 35 U.S.C. § 119(e) to United
States Provisional Patent Application Serial Number 61/253,337, filed October 20, 2009
which is hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to optical elements and, in particular, to optical elements

used in optical imaging apparatus.
'BACKGROUND OF THE INVENTION

Optical imaging apparatus incorporating solid state sensing elements find application
in a variety of fields ranging from military reconnaissance and surveillance to consumer
electronics. Solid state cameras, for example, are used in a number of consumer electronics
including cell phones, digital still cameras, computers, toys and automotive driver aids. In
order to satisfy demand, solid state cameras are required to be manufactured in significant
quantities ordering on the millions per day. In view of these numbers, efficient and low cost
manufacture of solid state cameras and other optical apparatus is of high importance.

Traditionally, solid state camera modules are manufactured as discrete units. Optical
elements of a module, for example, are separately mounted in a lens turret. A housing is
subsequently attached to the camera substrate, and the lens turret is inserted into the housing
by means of a screw thread to position the optical elements over an image sensor. The height
of the optical elements of each module is adjusted to achieve the best focus by rotation of the
lens turret in the housing.

A disadvantage of the foregoing manufacturing technique is that the focus adjustment
for the optical element of each module is effectively administered serially. Manufacturing
solid state camera modules and other optical apparatus in a serial format can significantly
increase costs and time of manufacture. Such inefficiencies are only magnified when
producing high volumes of camera modules.

SUMMARY

In view of the foregoing disadvantages, the present invention provides optical

imaging apparatus having the desired focal properties, which can be manufactured and/or

assembled at the wafer level. Wafer level assembly, in some embodiments, can offer cost
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and time efficient production of optical imaging apparatus while avoiding one or more
inefficiencies associated with serial manufacturing techniques.

In one embodiment, an optical imaging apparatus comprises at least one wafer level
optical element, a spacer coupled to the wafer level optical element and a plurality of focus
compensation standoffs on the spacer, the standoffs defining an electro-optical element or
wafer level optical element mounting surface having a surface roughness different from at
least one other surface roughness of the spacer. In some embodiments, the plurality of
standoffs are bonded to the spacer. In some embodiments, the plurality of standoffs are
continuous with the spacer or form a monolithic structure with the spacer.

An optical imaging apparatus, in some embodiments, further comprises an electro-
optical element. In some embodiments, an electro-optical element is a photodetector or
sensing element. In some embodiments, an electro-optical element is an electromagnetic
radiation emitting element, such as a light emitting diode. The electro-optical element, in
some embodiments, is coupled to the mounting surfaces of the plurality of standoffs.

A focus compensation standoff, according to embodiments described herein, has
dimensions suitable for setting the wafer level optical element(s) at the desired distance or
height from an image plane such as to set the focal point of the optical element(s) at or near
the image plane. In some embodiments, an image plane of an optical imaging apparatus
coincides with the plane of the electro-optical element.

As optical imaging apparatus described herein, in some embodiments, can be
constructed at the wafer level, the present invention also provides a spacer wafer comprising
a first aperture and a plurality of first focus compensation standoffs corresponding to a first
optical element location on an optical wafer and a second aperture and a plurality of second
focus compensation standoffs corresponding to a second optical element location on the
optical wafer. In some embodiments, the height of the plurality of first focus compensation
standoffs is different from the height of the second focus compensation standoffs. In other
embodiments, the height of the plurality of first focus compensation standoffs is the same or
substantially the same as the height of the plurality of second focus compensation standoffs.

In another aspect, the present invention provides a wafer assembly comprising an
optical wafer and a second wafer coupled to the optical wafer, the optical wafer comprising
an array of optical elements. A first optical die is located at a first die location on the wafer
assembly and comprises a first optical element on the optical wafer and a first focus
compensation standoff on the second wafer. A second optical die is located at a second die

location on the wafer assembly and comprises a second optical element on the optical wafer
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and a second focus compensation standoff on the second wafer, wherein the height of the
second focus compensation standoff is different from the height of the first focus
compensation standoff.

In some embodiments, the second wafer is coupled to the optical wafer at the first die
location by the first focus compensation standoff and at the second die location by the second
focus compensation standoff. In some embodiments, the first focus compensation standoff
and the second focus compensation standoff are not coupled to the optical wafer and have
mounting surfaces for receiving an electro-optical element, a third wafer or a second optical
wafer.

Moreover, in another aspect, the present invention also provides a wafer comprising a
plurality of singulated wafer level optical die assemblies. In one embodiment, a wafer
comprises a first singulated optical die assembly comprising a first optical element, a first
spacer and a first focus compensation standoff and a second singulated optical die assembly
comprising a second optical element, a second spacer and a second focus compensation
standoff. In some embodiments, the first and second focus compensation standoffs have
unequal heights.

In another aspect, the present invention provides methods of producing optical
imaging apparatus. As described further herein, methods of the present invention, in some
embodiments, can overcome one or more inefficiencies of prior optical element focusing
techniques wherein focal adjustments are made after assembly of the optical element into a
turret or barrel.

In one embodiment, a method of producing an optical imaging apparatus comprises
providing at least one wafer level optical element, determining the focal length of the wafer
level optical element, coupling a spacer to the optical element, providing a plurality of
standoffs on the spacer, calculating the focus compensation for the optical element relative to
an image plane and adjusting the height of the standoffs to provide the focal point of the
wafer level optical element at or near the image plane. In some embodiments, the image
plane is chosen according to the application or desired properties of the optical imaging
apparatus.

In some embodiments, a method of producing an optical imaging apparatus further
comprises coupling an electro-optical element to mounting surfaces of the standoffs. In some
embodiments, a surface of the electro-optical element coincides with the image plane of the

wafer level optical element.
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In another embodiment, a method of producing an optical imaging apparatus
comprises providing at least one wafer level optical element, determining the focal length of
the wafer level optical element, providing a spacer, providing a plurality of standoffs on the
spacer, calculating the focus compensation for the optical element relative to an image plane,
adjusting the height of the standoffs to provide the focal point of the wafer level optical
element at or near the image plane and coupling wafer level optical element to mounting
surfaces of the standoffs. In some embodiments, a method of producing an optical imaging
apparatus further comprises coupling an electro-optical element to the spacer.

In another embodiment, a method of producing a plurality of optical imaging
apparatus comprises providing at least one optical wafer comprising a first optical element at
a first die location and a second optical element at a second die location on the optical wafer
and determining the focal length of the first optical element and the focal length of the second
optical element. A spacer wafer is coupled to the optical wafer and a plurality of first
standoffs is provided on the spacer wafer at the first die location to provide a first optical die.
A plurality of second standoffs is provided on the spacer wafer at the second die location to
provide a second optical die. The focus compensation of the first optical element relative to a
first image plane is calculated. The focus compensation of the second optical element relative
to a second image plane is calculated. The height of the plurality of first standoffs is adjusted
to provide the focal point of the first optical element at or near the first image plane, and the
height of the plurality of second standoffs is adjusted to provide the focal point of the second
optical element at or near the second image plane. In some embodiments, the first standoffs
and the second standoffs are adjusted to different heights.

Moreover, in some embodiments, a method of producing a plurality of optical
imaging apparatus further comprises singulating the first optical die and the second optical
die. Once the first and second optical dies have been singulated, a first electro-optical
element, in some embodiments, is coupled to mounting surfaces of the first standoffs to
provide a first optical imaging apparatus. Additionally, in some embodiments, a second
electro-optical element is coupled to mounting surfaces of the second standoffs to provide a
second optical imaging apparatus.

In other embodiments, the first singulated optical die and the second singulated
optical die are coupled to a wafer. The wafer can subsequently be coupled to an electro-
optical element wafer comprising a first electro-optical element and a second electro-optical
element. Coupling the wafer to the electro-optical element wafer, in some embodiments,

achieves the desired alignment between the first singulated optical die and the first electro-
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optical element as well as between the second singulated optical die and the second electro-
optical element. Additionally, in some embodiments, the first image plane coincides with a
surface of the first electro-optical element, and the second image plane coincides with a
surface of the second electro-optical element.

The wafer and the first and second electro-optical elements can be singulated to
provide a singulated first optical imaging apparatus and a singulated second optical imaging
apparatus.

These and other embodiments are described in greater detail in the detailed
description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates optical imaging apparatus characterized by varying focal lengths.

Figure 2 illustrates an exemplary distribution of focal lengths of optical elements
created from common wafer(s).

Figure 3 illustrates an optical imaging apparatus according to one embodiment of the
present invention.

Figure 4 illustrates various shapes of standoffs according to some embodiments of the
present invention.

Figure 5 illustrates a spacer wafer comprising a plurality of apertures and a plurality
of focus compensation standoffs according to one embodiment of the present invention.

Figure 6 illustrates a singulated optical dies coupled to a wafer according to one
embodiment of the present invention.

Figure 7 is a flowchart outlining a method of producing an optical imaging apparatus
according to one embodiment of the present application

Figure 8 is a flowchart outlining a method of producing an optical imaging apparatus
according to one embodiment of the present invention.

Figure 9 illustrates a spacer wafer at adjacent die locations according to one
embodiment of the present invention.

Figure 10 illustrates a spacer wafer at adjacent die locations comprising focus
compensation standoffs according to one embodiment of the present invention,

Figure 11 illustrates singulated optical dies comprising a spacer wafer having focus
compensation standoffs according to one embodiment of the present invention.

Figure 12 illustrates an optical imaging apparatus according to one embodiment of the

present invention.
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Figure 13 illustrates the surface roughness frequencies in the x and y directions for an
electro-optical element or wafer level optical element mounting surface according to one
embodiment of the present invention.

DETAILED DESCRIPTION

The present invention can be understood more readily by reference to the following
detailed description, examples and drawings and their previous and following descriptions.
Elements, apparatus and methods of the present invention, however, are not limited to the
specific embodiments presented in the detailed description, examples and drawings. It should
be recognized that these embodiments are merely illustrative of the principles of the present
invention. Numerous modifications and adaptations will be readily apparent to those of skill
in the art without departing from the spirit and scope of the invention.

The present invention provides optical imaging apparatus having the desired focal
properties, which can be manufactured and/or assembled at the wafer level. Wafer level
assembly, in some embodiments, can offer cost and time efficient production of optical
imaging apparatus while avoiding one or more inefficiencies associated with serial
manufacturing and/or focusing techniques.

Manufacturing variations within a single wafer as well as between batches of wafers
can result divergent focal positions of optical imaging apparatus constructed from the wafers.
Figure 1 illustrates three optical imaging apparatus (102, 104, 106) constructed from common
lens stack wafers and an electro-optical element wafer. For each optical imaging apparatus,
focal position is illustrated by an exemplary beam of light (108) focused by the optical
element stack (110) towards the image sensor (112). As provided in Figure 1, the optical
element stack (110) of optical imaging apparatus (104) focuses an image below the surface of
the image sensor (112) while the optical element stack (110) of optical imaging apparatus
(106) focuses an image above image sensor (112). Moreover, the optical element stack (110)
of the optical imaging apparatus (102) focuses the image at or near the surface of the image
sensor (112).

A potential solution for minimizing focal length variation between optical elements
created from common wafer(s) is to measure the optical properties of all or substantially all
of the optical elements prior to singulation. A distribution of the necessary height
compensation can be generated from the measured optical properties, and the height of a
spacer wafer (114) can be chosen such that the center of the distribution is placed in focus at
the image sensor. Figure 2 illustrates an exemplary distribution of focal lengths of optical

elements created from common wafer(s).
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The foregoing solution, however, still leads to inefficiencies as the spacer wafer will
fail to provide an optimal focus compensation for optical elements outside the center of the
distribution. As a result, optical imaging apparatus comprising optical elements falling
outside the center distribution may suffer from poor quality making the imaging apparatus
unsuitable for a desired application or necessitating discardment.

In contrast to the situation demonstrated in Figures 1 and 2, the present invention
provides optical imaging apparatus comprising at least one wafer level optical element, a
spacer coupled to the wafer level optical element and a plurality of focus compensation
standoffs on the spacer, the standoffs defining an electro-optical element or wafer level
optical element mounting surface having a surface roughness different from at least one other
surface roughness of the spacer. In some embodiments, the height of the plurality of focus
compensation standoffs is tailored to set the wafer level optical element(s) of the optical
imaging apparatus at the desired distance from the image plane such that the focal point of
the optical element(s) is at or near the image plane. In some embodiments, the image plane
of an optical imaging apparatus coincides with the plane of the electro-optical element.

As described herein, in some embodiments, an electro-optical element or wafer level
optical element mounting surface of a focus compensation standoff has a surface roughness
different from at least one other surface roughness of the spacer. In some embodiments, the
surface roughness of an electro-optical element or wafer level optical element mounting
surface of a focus compensation standoff is less than a surface roughness of at least one other
surface of the spacer. In another embodiment, the surface roughness of an electro-optical
element or wafer level optical element mounting surface of a focus compensation standoff is
greater than a surface roughness of at least one other surface of the spacer. The difference in
surface roughness, in some embodiments, may be attributed to the particular process used to
adjust the height of the focus compensation standoff including, but not limited to, cutting,
polishing ablating or otherwise trimming.

In some embodiments, the average areal surface roughness (S,) of an electro-optical
element or wafer level optical element mounting surface of a focus compensation standoff is
less than about 1 pm. In some embodiments, for example, the S, of an electro-optical
element or wafer level optical element mounting surface of a focus compensation standoff
ranges from about 0.1 pm to about 0.6 pm. In another embodiment, the S, of an electro-
optical element or wafer level optical element mounting surface of a focus compensation

standoff is greater than about 1 pm.
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Moreover, in some embodiments, the areal root mean square surface (rms) roughness
(Sq) of an electro-optical element or wafer level optical element mounting surface of a focus
compensation standoff is less than about 1 pm. In one embodiment, for example, the Sq of an
electro-optical element or wafer level optical element mounting surface of a focus
compensation standoff ranges from about 0.1 um to about 0.8 pm. The S, of an electro-
optical element or wafer level optical element mounting surface of a focus compensation
standoff, in another embodiment, ranges from about 0.2 um to about 0.7 pm. In some
embodiments, the S, of an electro-optical element or wafer level optical element mounting
surface of a focus compensation standoff is greater than about 1 pm.

As known to one of skill in the art, S, and Sq can be measured according to several
techniques and instruments. S, and Sq values described herein were measured with a Vecco
Confocal Metrology (VCM)-200 Advanced Confocal Profiling System commercially
available from Vecco Instruments, Inc. of Plainview, NY.

In some embodiments, the S, and/or S, of an electro-optical element or wafer level
optical element mounting surface of a focus compensation standoff differs from the S, and/or
S, of at least one other surface of the spacer by at least about 5%. In some embodiments, the
S, and/or S, of an electro-optical element or wafer level optical element mounting surface of
a focus compensation standoff differs from the S, and/or S, of at least one other surface of the
spacer by at least about 10% or at least about 30%. In other embodiments, the S, and/or Sq of
an electro-optical element or wafer level optical element mounting surface of a focus
compensation standoff differs from the S, and/or Sq of at least one other surface of the spacer
by at least about 50% or at least about 100%.

Additionally, in some embodiments, the surface roughness of an electro-optical
element or wafer level optical element mounting surface of a focus compensation standoff is
different in a first direction of the mounting surface in comparison with a second direction of
the mounting surface. In one embodiment, for example, the surface roughness of an electro-
optical element or wafer level optical element mounting surface is different in the x-direction
in comparison with the y-direction. In some embodiments, differences in surface roughness
in varying directions of an electro-optical element or wafer level optical element mounting
surface comprises differences in frequency content. Figure 13 illustrates the surface
roughness frequencies in the x and y directions for an electro-optical element or wafer level
optical element mounting surface according to one embodiment of the present invention. As
illustrated in Figure 13, the surface roughness frequency content in the y-direction differs

from the surface roughness frequency content in the x-direction. The directional difference in
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surface roughness, in some embodiments, may be attributed to the particular process used to
adjust the height of the focus compensation standoff including, but not limited to, cutting,
polishing ablating or otherwise trimming.

In some embodiments, focus compensation standoffs on the spacer of an optical
imaging apparatus can have the same or substantially the same heights. In other
embodiments, focus compensation standoffs of an optical imaging apparatus can have
different heights. In some embodiments, wherein the focus compensation standoffs on a
spacer of an optical imaging apparatus have different heights, the focus compensation
standoffs can assist in correcting tilt in the wafer level optical element(s).

Figure 3 illustrates an optical imaging apparatus according to one embodiment of the
present invention. The optical imaging apparatus (300) illustrated in Figure 3 comprises a
plurality of wafer level optical elements (302, 304, 306) arranged as a lens stack and an
electro-optical element (328). The wafer level optical elements (302, 304, 306) comprise
optical surfaces (310, 312, 314) operable for interacting with electromagnetic radiation. In
some embodiments, the optical surfaces (310, 312, 314) refract or diffract electromagnetic
radiation. Optical surfaces (310, 312, 314) may be formed on substrates (316, 318, 320)
using known techniques including, but not limited to, lithographic and replication processes.
In some embodiments, optical surfaces comprise glass and/or polymeric materials.

In some embodiments, an optical surface is convex or concave. Moreover, in some
embodiments, each substrate (316, 318, 320) may have two or more optical surfaces formed
thereon working in conjunction to provide biconvex, biconcave or concave/convex
arrangements. Optical surfaces (310, 312, 314) may be spherical or aspherical in shape as
appropriate for a given design.

The substrates of wafer level optical elements (302, 304, 306), in some embodiments,
are separated by spacers (322, 324). In other embodiments, wafer level optical elements
(302, 304, 306) are bonded directly to one another.

In the embodiment illustrated in Figure 3, a spacer (326) is coupled to the wafer level
optical element (306) closest to the electro-optical element (328). As provided herein, the
spacer comprises a plurality of focus compensation standoffs (330) defining mounting
surfaces (332) for the electro-optical element (328). The focus compensation standoffs (330)
have a height or distance (d) to set the focal point of the wafer level optical element stack at
or near the plane of the electro-optical element (328). An exemplary beam of light (334)
passing through the wafer level optical element stack is focused at or near the plane of the

electro-optical element (328).
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In some embodiments, a cover-glass is disposed between the wafer-level optical
element(s) and the electro-optical element. In some embodiments, wherein a cover glass is
disposed between the wafer-level optical element(s) and the electro-optical element, the
height of the cover glass and the measured optical properties of the wafer-level optical
element(s) are used to determine an appropriate height of the focus compensation standoffs to
set the focal point of the wafer level optical element(s) at or near a desired image plane, such
as the plane of the electro-optical element.

The optical imaging apparatus (300) illustrated in Figure 3 comprises a cover glass
(336) disposed between the wafer level optical element stack and the electro-optical element
(328). The plurality of focus compensation standoffs (330) are coupled to the cover glass
(336) at mounting surfaces (332). In some embodiments wherein a cover glass (336) is not
present, the plurality focus compensation standoffs (330) are coupled to the electro-optical
element (328) at mounting surfaces (332). Moreover, in some embodiments, the plurality of
focus compensation standoffs are coupled to another spacer wafer.

As provided herein, in some embodiments, the mounting surfaces of focus
compensation standoffs receive a wafer level optical element. Figure 12 illustrates an optical
imaging apparatus according to one embodiment of the present invention, wherein focus
compensation standoff mounting surfaces are coupled to a wafer level optical element. The
optical imaging apparatus (12) illustrated in Figure 12, comprises a plurality of wafer level
optical elements (14, 16, 18) arranged as a lens stack and an electro-optical element (20).
The wafer level optical elements (14, 16, 18) comprise optical surfaces (24, 26, 28) operable
for interacting with electromagnetic radiation. In some embodiments, optical surfaces (24,
26, 28) refract or diffract electromagnetic radiation. Optical surfaces (24, 26, 28) may be
formed on substrates (30, 32, 34) using known techniques including, but not limited to,
lithographic and/or replication processes. In some embodiments, optical surfaces comprise
glass and/or polymeric materials.

In some embodiments, an optical surface is convex or concave. Moreover, in some
embodiments, each substrate (30, 32, 34) may have two or more optical surfaces formed
thereon working in conjunction to provide biconvex, biconcave or concave/convex
arrangements. Optical surfaces (24, 26, 28) may be spherical or aspherical in shape as
appropriate for a given design.

The substrates of wafer level optical elements (14, 16, 18), in some embodiments, are
separated by spacers (36, 38). In other embodiments, wafer level optical elements (14, 16,

18) are bonded directly to one another.
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In the embodiment illustrated in Figure 12, a spacer (40) is coupled to the coverglass
(46) of the electro-optical element (20). The spacer (40) comprises a plurality of focus
compensation standoffs (42) defining mounting surfaces (44). The focus compensation
standoffs (42) have a height or distance (d) to set the focal point of the wafer level optical
element stack at or near the plane of the electro-optical element (20). The mounting surfaces
(44) of the focus compensation standoffs are coupled to wafer level optical element (18) of
the optical element stack. An exemplary beam of light (48) passing through the wafer level
optical element stack is focused at or near the plane of the electro-optical element (20).

In some embodiments, focus compensation standoffs of optical imaging apparatus are
bonded to the spacer. In other embodiments, focus compensation standoffs are continuous
with the spacer or form a monolithic structure with the spacer. As described further herein, in
some embodiments, wherein the focus compensation standoffs are continuous with or form a
monolithic structure with the spacer, the focus compensation standoffs have been formed by
shaping, molding or cutting the spacer.

Moreover, focus compensation standoffs can have any desired shape. In some
embodiments, a focus compensation standoff has a polygonal shape including, but not limited
to a triangle, square or rectangle. In other embodiments, a focus compensation standoff has a
circular, elliptical or conical shape. Figure 4 illustrates a bottom plan view of optical dies
comprising a spacer having focus compensation standoffs of various shapes according to
some embodiments of the present invention. As illustrated in Figure 4, the optical dies (400)
comprise a spacer (402) and a plurality of focus compensation standoffs (404) coupled to the
spacer. As provided herein, in some embodiments, the plurality of focus compensation
standoffs (404) are bonded to the spacer (402). In other embodiments, the plurality of focus
compensation standoffs (404) are continuous with the spacer (402). The spacer (402) also
comprises an aperture (406) for passing electromagnetic radiation to or from the wafer level
optical element(s) coupled to the spacer as described herein.

The plurality of focus compensation standoffs can have any desired arrangement on
the spacer. In some embodiments, the arrangement of focus compensation standoffs has at
least one plane of symmetry. In other embodiments, the arrangement of focus compensation
standoffs is asymmetrical. In another embodiment, focus compensation standoffs are
arranged at the periphery of the spacer. In some embodiments, focus compensation standoffs
are arranged inward away from the periphery of the spacer towards the aperture of the spacer.
In some embodiments, focus compensation standoffs are arranged adjacent the aperture of a

spacer. Moreover, in some embodiments, different numbers of standoffs (404) may be used
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per die location. Where Figure 4 illustrates four standoffs (404) for each die, fewer or more
standoffs can be provided at each die location.

As described herein, optical imaging apparatus, in some embodiments, further
comprise an electro-optical element. In some embodiments, an electro-optical element
comprises an electromagnetic radiation sensing element. An electromagnetic radiation
sensing element, in some embodiments, comprises a photosensitive region operable to detect
electromagnetic radiation received by the optical imaging apparatus.

In some embodiments, the sensing element, including the photosensitive region,
comprises a semiconductor. Any suitable semiconductor not inconsistent with the objectives
of the present invention can be used for the sensing element, including the photosensitive
region. In some embodiments, a semiconductor comprises a Group IV semiconductor,
including silicon or any combination of Group IV elements. In another embodiment, a
semiconductor comprises a Group [II/V semiconductor or a Group II/VI semiconductor.

In some embodiments, the photosensitive region of a sensing element comprises a
focal plane array. A focal plane array, in some embodiments, is a VGA sensor, comprising
640x480 pixels. In some embodiments, the sensor includes fewer pixels (e.g., CIF, QCIF), or
more pixels (1 or more megapixel).

In one embodiment, a sensing element including the photosensitive region comprises
a charge coupled device (CCD). In another embodiment, a sensing element including the
photosensitive region comprises a complimentary metal oxide semiconductor (CMOS)
architecture.

In some embodiments, an electro-optical element generates electromagnetic radiation
to be provided by the optical imaging apparatus. Any desired element for generating electro-
magnetic radiation not inconsistent with the objectives of the present invention can be used.
In some embodiments an electro-optical element generating electromagnetic radiation
comprises one or more light emitting diodes (LED). In some embodiments, a LED comprises
inorganic materials such as inorganic semiconductors. In other embodiments, a LED
comprises organic materials such as organic semiconductors including polymeric
semiconductors. In a further embodiment, a LED comprises a mixture of organic and
inorganic materials.

As optical imaging apparatus described herein, in some embodiments, can be
constructed at the wafer level, the present invention, in another aspect, also provides a wafer
comprising a first aperture and a plurality of first focus compensation standoffs

corresponding to a first optical element location on an optical wafer and a second aperture
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and a plurality of second focus compensation standoffs corresponding to a second optical
element location on the optical wafer. In some embodiments, the height of the plurality of
first focus compensation standoffs is different from the height of the second focus
compensation standoffs. In other embodiments, the height of the plurality of first focus
compensation standoffs is the same or substantially the same as the height of the plurality of
second focus compensation standoffs.

The wafer can be coupled to the optical wafer comprising the first and second optical
elements. When coupled to the optical wafer, the first and second apertures achieve the
desired alignment with the first and second optical elements of the optical wafer respectively.
Moreover, the plurality of first focus compensation standoffs sets the first optical element the
desired distance or height from a first image plane such that the focal point of the first optical
element is at or near the first image plane. Similarly, the plurality of second focus
compensation standoffs sets the second optical element the desired distance or height from a
second image plane such that the focal point of the second optical element is at or near the
image plane.

As provided herein, the height of the first focus compensation standoffs is determined
according to the focal length and/or other optical properties of the first optical element and
the presence of any cover glass if the first optical element is to be associated with an electro-
optical element having a cover glass. Additionally, the height of the second focus
compensation standoffs is determined according to the focal length and/or optical properties
of the second optical element and the presence of any cover glass if the second optical
element is to be associated with an electro-optical element having a cover glass.

Figure 5 illustrates a wafer (500) comprising a first aperture (502) and a plurality of
first focus compensation standoffs (504) corresponding to a first optical element location on
an optical wafer and a second aperture (506) and a plurality of second focus compensation
standoffs (508) corresponding to a second optical element location on the optical wafer. As
the optical properties of the first optical element and the second optical element are different
due to manufacturing variations within the optical wafer, the plurality of first focus
compensation standoffs (504) is set to a height different from the height of the plurality of
second focus compensation standoffs (508). In the embodiment illustrated in Figure 5, the
difference in height between the plurality of first focus compensation standoffs (504) and the
plurality of second focus compensation standoffs (508) is 5 um.

In addition to the first and second apertures, the wafer (500) comprises several more

apertures and focus compensation standoffs wherein each aperture and associated focus
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compensation standoffs correspond to an individual optical element location on the optical
wafer comprising the first and second optical elements.

As illustrated in Figure 5, the standoffs (504, 508, etc.) are disposed along dicing
lanes of individual optical dies. In this configuration, the standoffs (504, 508, etc.) of
adjacent dies are continuous with one another until separated during singulation of the
adjacent dies.

Figure 9 illustrates a spacer wafer at adjacent die locations according to one
embodiment of the present invention. As focus compensation standoffs have not been
provided to the spacer wafer (900), the height of the spacer wafer (900) at the first die
location (902) and the second die location (904) is the same or substantially the same. As
illustrated in Figure 9, focus compensation standoffs are to be provided to the spacer wafer
(900) at a first height (906) for the first die location (902) and a second height (908) for the
second die location (904), wherein the first height (906) and the second height (908) are not
equal. As described herein, the focus compensation standoffs can be provided by a variety of
methods including, but not limited to, dicing, laser ablation, polishing, replicating, etc.

Figure 10 illustrates the spacer wafer of Figure 9 wherein focus compensation
standoffs have been provided to the spacer wafer. The focus compensation standoffs (910,
912) at the first die location (902) have a different height than the focus compensation
standoffs (914, 916) at the second (904) die location. Moreover, the focus compensation
standoffs (912, 914) are continuous with one another. In some embodiments, residual
material (918) is left over from the process used to create the focus compensation standoffs.
The blade width (920) of the apparatus used to singulate the optical dies (902, 904), however,
is sufficiently wide to remove any residual material (918).

Figure 11 illustrates the singulated optical dies (902, 904) comprising the spacer (900)
with focus compensation standoffs (910, 912, 914, 916) according to one embodiment of the
present invention.

In some embodiments, the focal length and/or other optical properties of each optical
element of an optical wafer can be determined and the focus compensation of each optical
element calculated. The focus compensation for each optical element can be mapped to a
wafer as illustrated in Figure 5 such that the height of the standoffs at each wafer position can
be adjusted to provide the desired focus composition for the corresponding optical element of
the optical wafer.

In another aspect, the present invention provides a wafer assembly comprising an

optical wafer and a second wafer coupled to the optical wafer, the optical wafer comprising
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an array of optical elements. A first optical die is located at a first die location on the wafer
assembly and comprises a first optical element on the optical wafer and first focus
compensation standoffs on the second wafer. A second optical die is located at a second die
location on the optical wafer and comprises a second optical element on the optical wafer and
second focus compensation standoffs on the second wafer, wherein the height of the second
focus compensation standoff is different from the height of the first focus compensation
standoffs.

As described herein, the height of the plurality of first focus compensation standoffs,
in some embodiments, can be determined according to the focal length and/or optical
properties of the first optical element and the presence of a cover glass if the first optical die
is to be coupled with an electro-optical element having a cover glass. Similarly, the height of
the plurality of second focus compensation standoffs, in some embodiments, can be
determined according to the focal length and/or other optical properties of the second optical
element and the presence of a cover glass if the second optical die is to be coupled with an
electro-optical element having a cover glass.

As the optical properties of the first optical element and the second optical element
are different due to manufacturing variations within the optical wafer, the plurality of first
focus compensation standoffs is set to a height different from the height of the plurality of
second focus compensation standoffs.

In another aspect, the present invention also provides a wafer comprising a plurality
of singulated wafer level optical die assemblies. In one embodiment, a wafer comprises a
first singulated optical die assembly comprising a first optical element, a first spacer and first
focus compensation standoffs and a second singulated optical die assembly comprising a
second optical element, a second spacer and second focus compensation standoffs. In some
embodiments, the first and second focus compensation standoffs have unequal heights.

Additionally, in some embodiments, the heights of the first and second focus
compensation standoffs take into consideration the height of the wafer to which the first and
second optical die assemblies are coupled.

In some embodiments, the wafer comprising the first and second singulated optical
die assemblies is coupled to a wafer comprising a first and second electro-optical elements.
In some embodiments, coupling a wafer comprising the singulated first and second optical
die assemblies to the wafer comprising first and second electro-optical elements can achieve
the desired alignment between the first singulated optical die assembly and the first electro-

optical element and the desired alignment between the second singulated optical die assembly
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and the second electro-optical element. In some embodiments, the wafer comprising the first
and second optical assembly dies and the wafer comprising the first and second electro-
optical elements can be singulated subsequent to coupling to provide a first singulated optical
imaging apparatus comprising the first optical die and the first electro-optical element and a
second optical imaging apparatus comprising the second singulated optical die and the second
electro-optical element.

Figure 6 illustrates a wafer (600) comprising a first singulated optical die assembly
(602) and a second singulated optical die assembly (604) according to one embodiment of the
present invention. The singulated first (602) and second (604) optical die assemblies in the
embodiment illustrated in Figure 6 each comprise an optical element stack (606, 608)
comprising a plurality of wafer level optical elements. A spacer (610) is coupled to the
optical element stack (606) of the first optical die assembly (602), and a spacer (612) is
coupled to the optical element stack (608) of the second optical die assembly (604).

Spacer (610) comprises a plurality of first focus compensation standoffs (614) of an
appropriate height to set the optical elements of the first optical die (602) a desired distance
from first image plane such that the focal point of the optical elements is located at or near
first image plane. Similarly, spacer (612) comprises a plurality of second focus
compensation standoffs (616) of an appropriate height to set the optical elements of the
second optical die (604) a desired distance from a second image plane such that the focal
point of the optical elements is located at or near second image plane. As provided herein, in
some embodiments, the heights of the first and second focus compensation standoffs (614,
616) take into consideration the height of the wafer (600) to which the first (602) and second
(604) optical die assemblies are coupled.

As the optical elements of the first (602) and second (604) optical die assemblies have
different optical properties due to manufacturing variations within the optical wafer or
batches of optical wafers used to produce the wafer level optical elements of the respective
optical stacks (606, 608), the first focus compensation standoffs (614) have a different height
than the second focus compensation standoffs (616).

In some embodiments, wafer (600) comprises apertures (620) aligned with optical
element stacks (606, 608) to permit radiation to pass though the wafer in a desired manner.
In one or more embodiments, the aperture (620) may function as a stop.

In another aspect, the present invention provides methods of producing optical
imaging apparatus. As described further herein, methods of the present invention, in some

embodiments, can overcome one or more inefficiencies of prior optical element focusing
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techniques wherein focal adjustments are made after assembly of the optical element into a
turret or barrel.

Figure 7 provides a flow chart outlining a method of producing an optical imaging
apparatus according to one embodiment of the present invention. At least one wafer level
optical element is provided (702) and the focal length of the wafer level optical element is
measured or theoretically determined (704). Wafer level optical elements, in some
embodiments, can be provided by forming optical surfaces on a wafer substrate by deposition
of glass and/or polymeric materials or by etching or ablating the surface of a substrate.

Additionally, as described herein, in some embodiments, a plurality of wafer level
optical elements are provided as an optical element stack. In such embodiments, the focal
length of the optical element stack is measured or theoretically determined.

A spacer is coupled to the wafer level optical element or the optical element stack
(706). A plurality of standoffs is provided on the spacer (708). In some embodiments, the
plurality of standoffs are bonded to the spacer. In other embodiments, the plurality of
standoffs are continuous with the spacer or form a monolithic structure with the spacer.

In some embodiments wherein the standoffs are continuous with the spacer or form a
monolithic structure with the spacer, the standoffs are created by processes including, but not
limited to, dicing, machining, etching, cutting, or lithographically ablating the spacer. In
other embodiments wherein the standoffs are continuous with the spacer or form a monolithic
structure with the spacer, the standoffs are formed at the time of molding the spacer. In one
embodiment, for example, a mold having a shape accounting for the plurality of standoffs is
provided, and the standoffs are co-molded with the spacer.

Alternatively, in some embodiments wherein the standoffs are bonded to the spacer,
the standoffs can be deposited by replication techniques or bonded to the spacer by an
adhesive. In some embodiments, for example, standoffs can be provided on the spacer
corresponding to one or more die locations by step and repeat replication techniques.

The focus compensation of the wafer level optical element or optical element stack
relative to an image plane is calculated or determined (710). As described herein the focus
compensation of a wafer level optical element can be calculated according to the focal length
of the optical element and the dimensions of any structures disposed between the wafer level
optical element and the image plane, such as a cover glass, other spacers, or a lens holder.

The height of the plurality of standoffs is adjusted to provide the focal point of the
wafer level optical element or optical element stack at or near the desired image plane (712).

In some embodiments, the standoff height is adjusted by processes including, but not limited
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to, cutting, polishing or otherwise trimming the standoffs in the axial direction. In one
embodiment, the standoff height is adjusted by the peripheral edge of a dicing saw. In one
implementation, the standoff height is adjusted using the dicing saw used to singulate the
individual die. In other embodiments, the standoff height can be adjusted by ablating the
standoffs in the axial direction with a laser or other form of electromagnetic radiation.

In some embodiments, adjusting the height of a standoff provides the standoff an
electro-optical element or wafer level optical element mounting surface having a surface
roughness different from at least one other surface roughness of the spacer. In some
embodiments, a surface roughness of an electro-optical element or wafer level optical
element mounting surface of an adjusted standoff is less than at least one other surface
roughness of the spacer. In other embodiments, a surface roughness of an electro-optical
element or wafer level optical element mounting surface of an adjusted standoff is greater
than at least one other surface roughness of the spacer. An electro-optical element or wafer
level optical element mounting surface of an adjusted spacer, in some embodiments, can have
any S, and/or Sq value described herein.

As the height of a standoff is adjusted in the axial direction, a surface of the standoff
having a surface roughness different from a surface roughness of the spacer, in some
embodiments, is the surface to which an electro-optical element or cover glass is mounted or
coupled.

In some embodiments, a method of producing an optical imaging apparatus further
comprises coupling an electro-optical element to mounting surfaces of the standoffs (714).
In some embodiments, the cover glass of an electro-optical element is coupled to the
mounting surfaces of the standoffs. Moreover, in some embodiments, a surface of the
electro-optical element coincides with the image plane of the wafer level optical element or
optical element stack.

Figure 8 provides a flowchart outlining a method of producing optical imaging
apparatus according to one embodiment of the present invention. An optical wafer
comprising and first optical element at a first die location and a second optical element at a
second die location is provided (802). The first and second optical elements can be provided
by any of the techniques described herein or known in the art of wafer level optics. The focal
length of the first optical element is determined, and the focal length of the second optical
element is determined (804).

A spacer wafer is coupled to the optical wafer (806). A plurality of first standoffs is

provided on the spacer wafer at the first die location to provide a first optical die (808). A
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plurality of second standoffs is provided on the spacer wafer at the second die location to
provide a second optical die (810). The plurality of first standoffs and the plurality of second
standoffs can be provided on the spacer wafer in any manner described herein including but
not limited to dicing, machining, etching, cutting, lithographically ablating the spacer or step
and repeat replication techniques. The focus compensation of the first optical element
relative to a first image plane is calculated (812). The focus compensation for the second
optical element relative to a second image plane is calculated (814).

The height of the plurality of first standoffs is adjusted to provide the focal point of
the first optical element at or near the first image plane (816). The height of the plurality of
second standoffs is adjusted to provide the focal point of the second optical element at or near
second image plane (818). The heights of the first and second standoffs can be adjusted
according to any of the methods described herein. Moreover, in some embodiments,
adjusting the heights of the first and second standoffs provides the first and second standoffs
with a surface roughness different from a surface roughness of the spacer.

In some embodiments, the first optical die and the second optical die are singulated
(820). A first electro-optical element, in some embodiments, is coupled to one or more
mounting surfaces of the first standoffs of the first singulated optical die to provide a first
optical imaging apparatus (822). A second electro-optical element, in some embodiments, is
coupled to one or more mounting surfaces of the second standoffs of the second singulated
optical die to provide a second optical imaging apparatus (824).

In another embodiments, the singulated first optical die and the singulated second
optical die are coupled to a substrate wafer (826). The substrate wafer is coupled to an
electro-optical element wafer comprising a first electro-optical element and a second electro-
optical element (828). Coupling the substrate to the electro-optical element wafer, in some
embodiments, achieves the desired alignment between the first singulated optical die and the
first electro-optical element and between the second optical die and the second electro-optical
element. Moreover, in some embodiments, the first image plane coincides with a surface of
the first electro-optical element, and the second image plane coincides with a surface of the
second electro-optical element.

The substrate and the first and second electro-optical elements are singulated to
provide a first singulated optical imaging apparatus and a second singulated optical imaging
apparatus (830).

In another embodiment, a method of producing an optical imaging apparatus

comprises providing at least one wafer level optical element, determining the focal length of
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the wafer level optical element, providing a spacer, providing a plurality of standoffs on the
spacer, calculating the focus compensation for the optical element relative to an image plane,
adjusting the height of the standoffs to provide the focal point of the wafer level optical
element at or near the image plane and coupling wafer level optical element to mounting
surfaces of the standoffs. In some embodiments, a method of producing an optical imaging
apparatus further comprises coupling an electro-optical element to the spacer.

Various embodiments of the invention have been described in fulfillment of the
various objectives of the invention. It should be recognized that these embodiments are
merely illustrative of the principles of the present invention. Numerous modifications and
adaptations thereof will be readily apparent to those skilled in the art without departing from
the spirit and scope of the invention.

That which is claimed is:
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CLAIMS

I. An optical imaging apparatus comprising:

at least one wafer level optical element;

a spacer coupled to the at least one wafer level optical element; and

a plurality of focus compensation standoffs on the spacer, the standoffs defining an
electro-optical element or wafer level optical element mounting surface having a surface
roughness different from at least one other surface roughness of the spacer.

2. The optical imaging apparatus of claim 1, wherein the plurality of focus compensation
standoffs are continuous with the spacer.

3. The optical imaging apparatus of claim 1, wherein the plurality of focus compensation
standoffs are bonded to the spacer.

4. The optical imaging apparatus of claim 1 further comprising an electro-optical
element coupled to the electro-optical element mounting surface.

5. The optical imaging apparatus of claim 1, wherein the focus compensation standoffs
have a polygonal shape.

6. The optical imaging apparatus of claim 1, wherein the focus compensation standoffs
have a cylindrical, spherical, elliptical or conical shape.

7. The optical imaging apparatus of claim 4, wherein the focal point of the at least one
wafer level optical element is at or near a surface of the electro-optical element.

8. The optical imaging apparatus of claim 1, wherein the focus compensation standoffs
are disposed substantially at the periphery of the spacer.

9. The optical imaging apparatus of claim 1, wherein the electro-optical element or
wafer level optical element mounting surface has a surface roughness frequency in a first
direction different from a surface roughness frequency in a second direction.

10. A wafer comprising:

a first aperture;

a plurality of first focus compensation standoffs of a first height, the first aperture and
the first focus compensation standoffs corresponding to a first optical element location on an
optical wafer;

a second aperture; and

a plurality of second focus compensation standoffs of a second height, the second
aperture and the second focus compensation standoffs corresponding to a second optical

element location on the optical wafer.
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11.  The wafer of claim 10, wherein the first height and the second height are different.
12.  The wafer of claim 10, wherein the first height and the second height are the same or
substantially the same.

13. A wafer assembly comprising:

an optical wafer comprising an array of optical elements;

a second wafer coupled to the optical wafer;

a first optical die located at a first die location on the wafer assembly, the first optical
die comprising a first optical element on the optical wafer and a plurality of first focus
compensation standoffs on the second wafer; and

a second optical die located at a second die location on the wafer assembly, the
second optical die comprising a second optical element on the optical wafer and a plurality of
second focus compensation standoffs on the second wafer.

14.  The wafer assembly of claim 13, wherein the first focus compensation standoffs have
a height different from the second focus compensation standoffs.

15.  The wafer assembly of claim 13, wherein the first focus compensation standoffs have
a height the same or substantially the same as the second focus compensation standoffs.

16.  An assembly comprising:

a wafer; and

a first singulated optical die coupled to the wafer, the first singulated optical die
comprising a first optical element, a first spacer and a plurality of first focus compensation
standoffs.

17.  The assembly of claim 16 further comprising a second singulated optical die coupled
to the wafer, the second singulated optical die comprising a second optical element, a second
spacer and a plurality of second focus compensation standoffs.

18. A method of producing an optical imaging apparatus comprising:

providing at least one wafer level optical element;

determining a focal length of the at least one wafer level optical element;

coupling a spacer to the at least one wafer level optical element;

providing a plurality of standoffs on the spacer;

calculating a focus compensation for the at least one wafer level optical element
relative to an image plane; and

adjusting the height of standoffs to provide the focal point of the at least one wafer

level optical element at or near the image plane.
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19.  The method of claim 18 further comprising coupling an electro-optical element to
mounting surfaces of the standoffs.
20.  The method of claim 19, wherein the image plane substantially coincides with a
surface of the electro-optical element.
21.  The method of claim 18, wherein the at least one wafer level optical element
comprises an optical element stack comprising a plurality of wafer level optical elements.
22. A method of producing a plurality of optical imaging apparatus comprising:

providing at least one optical wafer comprising a first optical element at a first die
location and a second optical element at a second die location on the optical wafer;

determining the focal length of the first optical element and the focal length of the
second optical element;

coupling a spacer wafer to the at least one optical wafer;

providing a plurality of first standoffs on the spacer at the first die location to produce
a first optical die;

providing a plurality of second standoffs on the spacer at the second die location to
provide a second optical die;

calculating the focus compensation for the first optical element relative to a first
image plane;

calculating the focus compensation for the second optical element relative to a second
image plane;

adjusting the height of the plurality of first standoffs to provide the focal point of the
first optical element at or near the first image plane;

adjusting the height of the plurality of second standoffs to provide the focal point of
the second optical element at or near the second image plane.
23.  The method of claim 22 further comprising singulating the first optical die and the
second optical die.
24.  The method of claim 23, further comprising coupling a first electro-optical element to
mounting surfaces of the first standoffs to provide a first optical imaging apparatus.
25.  The method of claim 23, further comprising coupling a second electro-optical element
to mounting surfaces of the second standoffs to provide a second optical imaging apparatus.
26.  The method of claim 23 further comprising coupling the singulated first optical die

and the singulated second optical die to a wafer.
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27.  The method of claim 26 further comprising coupling the wafer comprising the
singulated first optical die and the singulated second optical die to an electro-optical wafer
comprising a first electro-optical element and a second electro-optical element thereby
aligning the first optical die with the first electro-optical element and aligning the second
optical die with the second electro-optical element.

28.  The method of claim 27 further comprising singulating the wafer and the first electro-
optical element and the second electro-optical element to provide a first optical imaging

apparatus and a second optical imaging apparatus.
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Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

Relevant to claim No.

X US 2005/077458 A1 (MA GUOLIN [US] ET AL) 1-9
14 April 2005 (2005-04-14)

paragraphs [0054] - [0057], [0060] -

[0062], [0072], [0073]; figures 4,5A,5B,
5C,7,8,9
X EP 1 389 804 A2 (AGILENT TECHNOLOGIES INC 1-9

[US]) 18 February 2004 (2004-02-18)
paragraphs [0007], [0011], [0018],

[0022], [0023], ([0027], [0028], [0031]

- [0034]; figure 1

X US 2005/275750 A1 (AKRAM SALMAN [US] ET 1-9
AL) 15 December 2005 (2005-12-15)
paragraph [0126]; figures 20A,20B,21A

-/—

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

E 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

"E" earlier document but published on or after the international
filing date

“L" 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)

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

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

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

“X* 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

"Y" 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 docu-
me'qts, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

6 August 2010

Date of mailing of the international search report

19/08/2010

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Cabrita, Ana
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

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

Relevant to claim No.

X

US 2007/070511 Al (LEE HSIAO-WEN [TW] ET
AL) 29 March 2007 (2007-03-29)

paragraph [0007] - paragraph [0011]
paragraph [0027] - paragraph [0028]
paragraph [0044]; figures 1,10

US 2008/007623 Al (LEE SANG H [KR] ET AL
LEE SANG HYUCK [KR] ET AL)

10 January 2008 (2008-01-10)

paragraph [0037] - paragraph [0040];
figures 2,3

US 2008/122055 A1 (PERKINS ANDREW E [US])
29 May 2008 (2008-05-29)

paragraphs [0053], [0 56], [0 57];
figures 2A,2B, 5A-5G

US 2007/166029 Al (LEE HSIAO-WEN [TW] ET
AL) 19 July 2007 (2007-07-19)

paragraph [0021] - paragraph [0022];
figure 4

1-8

1-9

10,12,
13,15-28

16-21
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International application No.
INTERNATIONAL SEARCH REPORT PCT/US2010/022971
Box No.ll  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. D Claims Nos.:
because they relate to subject matter not required 1o be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts 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:

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

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

This International Searching Authority found muitiple inventions in this international application, as follows:

see additional sheet

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

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

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

4. l:‘ 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 tees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

l:] 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.

m No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-9

An optical imaging apparatus comprising at least one wafer
level optical element; a spacer coupled to a wafer level
optical element and a plurality of focus compensation
standoffs on the spacer having a surface roughness different
from at Teast one other surface roughness of the spacer

2. claims: 10-28

A wafer, wafer assembly and a method of producing an
optical imaging apparatus, wherein the wafer comprises a.o.
a plurality of first and second focus compensation
standoffs having an adjusted height.
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Information on patent family members

| International application No

PCT/US2010/022971
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2005077458 Al 14-04-2005 NONE
EP 1389804 A2 18-02-2004 JP 2004080039 A 11-03-2004
US 2008283730 Al 20-11-2008
US 2004032523 Al 19-02-2004
US 2005275750 Al 15-12-2005  NONE
uUsS 2007070511 Al 29-03-2007 JP 2007097192 A 12-04-2007
TW 289365 B 01-11-2007
UuS 2009294639 Al 03-12-2009
UsS 2008007623 Al 10-01-2008 KR 20080004201 A 09-01-2008
US 2008122055 Al 29-05-2008 NONE
US 2007166029 Al 19-07-2007 JP 2007195167 A 02-08-2007
TW 267208 B 21-11-2006

Form PCT/ISA/210 (patent family annex) (April 2005)
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