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IMAGE-SENSING DISPLAY PANELS WITH LCD
DISPLAY PANEL AND PHOTOSENSITIVE
ELEMENT ARRAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation-in-part of U.S. patent applica-
tion Ser. No. 07/954,958, filed on Sep 30, 1992 by Ros-
toker, now abandoned.

TECHNICAL FIELD OF THE INVENTION

The invention relates to devices which incorporate
display panels, such as a liquid crystal display (LCD).

BACKGROUND OF THE INVENTION

Modern charge-coupled devices and other photosen-
sitive semiconductor devices (hereinafter “solid state
image sensors™) are capable of providing signals repre-
senting images formed (focused) on a surface thereof.
Generally, the surface of a solid state image sensor is
provided with an array (for example, rows and col-
umns) of discrete photosensitive semiconductor - ele-
ments (for example gates or junctions), and particular
array locations correspond to a particular “pixel” (or
position) in the image. Modern video cameras, for ex-
ample, use discrete lens systems (optics) to focus images
onto such solid state image sensors.

Generally, a single “taking” lens is supported at a
fixed distance, such as at least several or tens of millime-
ters, from the array of photosensitive elements, so that
an image may be focused onto the array. The array is
located at the focal plane of the lens. Additional lenses,
in front of the taking lens, provide for focusing and
image enlargement.

Binary (diffractive) optical elements are discussed in
“Binary Optics”, Scientific American, May, 1992, pages
92, 94-97 (““Article”), incorporated by reference herein.

U.S. Pat. No. 4,425,501 discloses a transparent mem-
ber 20 upon which a plurality of lenslets have been
formed. The member is “mounted above” the die 10.
Each lenslet is associated with a pair of detectors on the
die.

U.S. Pat. No. 4,553,035 discloses in FIG. 3A two
one-dimensional arrays 21 of photodetectors juxtaposed
to a cylindrical lens 21. Also, as shown in FIG. 14, three
rows of one-dimensional sensors may be provided, and
red (R), green (G) and blue (B) filters may be installed,
whereby signals of each sensor may be independently
read to obtain color information.

U.S. Pat. No 4,636,631 discloses a lens 8 assembled to
a wafer 2 on a substrate 1, with thickness-calibrating
shims 6,7 and with a layer of photoresxst 5.

U.S. Pat. No. 4,733,096 discloses in FIG. 2 a lens
structure (“sensor substrate” 32; 32q, 325, 38). An insu-
lating layer 42 is juxtaposed with the lens structure 32.
Sensors 44 are juxtaposed with the insulating layer 42.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide an
improved solid state image sensor.

It is a further object of the invention to provide a
method of making such an image sensor.

It is a further object of the present invention to pro-
vide a solid state image sensor with integral optics.

It is a further object to provide solid state image
sensors useful for color imaging.
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It is a further object to provide a method of imaging
using a solid state image sensor.

It is a further object of the present invention to pro-
vide an imaging apparatus. In a preferred embodiment,
the apparatus comprises a camera. Preferably, the cam-
era includes the solid state image semsor discussed
above.

It is a further object of the present invention to pro-
vide a television camera based on the solid-state image
sensor discussed above.

It is a further object of the present invention to pro-
vide various other camera and LCD devices based on
the solid-state image sensor discussed above.

According to the invention, an optically-transmissive
layer is integrally formed over a substrate having an
array of photosensitive elements on its surface. The
layer is provided with an array of lenslets, preferably
binary optics. There is a one-to-one correspondence
between the lenslets and the photosensitive elements.
The lenslets are physically or virtually offset from the
photosensitive elements, so that each photosensitive
element provides a unique pixel of information corre-
sponding to a unique position of an incident image. In
aggregate, the photosensitive elements provide a com-
plete two-dimensional representation of the incident
image. Further according to the invention, the photo-
sensitive elements can be arranged in regular, irregular,
square or rectangular arrays.

Further according to the invention, the array of pho-
tosensitive elements may cover substantially the entire
underlying substrate, or may cover only a selected area
(e.g., a central area) of the substrate.

Further according to the invention, an opaque mask-
ing layer can be interposed between the lenslet layer
and the photosensitive elements, and the masking layer
can be provided with holes aligned with the photosensi-
tive elements. In this manner, light focused by a lenslet
that is not incident on a photosensitive element is pre-
vented from impacting circuit elements which may be
disposed on the substrate between the photosensitive
elements. ,

Further according to the invention, an optically-
transmissive layer may be interposed between the lens-
let-containing layer and the photosensitive elements.
This layer acts as an integral standoff between the sub-
strate and the lenslet-containing layer.

Further according to the invention, both an optically-
transmissive and a masking layer can be interposed
between the lenslet-containing layer and the surface of
the substrate. The optically-transmissive layer may be
disposed over the masking layer, or vice-versa.

Further according to the invention, various materials
and techniques are described for the lenslet-containing
layer, the masking layer and the optically-transmissive

. (interposed) layer. Further according to the invention,

the lenslets are preferably formed as diffractive (rather
than as refractive) optical devices.

In an alternate embodiment of the invention, a focus-
ing element is supported by a package body, or the like,
above the surface of a substrate.

Further according to the invention, a first optical
element is supported by a package body, or the like,
above the surface of a substrate, and a second optical
element is integrally formed on the substrate. These two
optical elements may cooperate to minimize spherical
and/or chromatic aberrations exhibited by either of the
optical elements.
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Further according to the invention, photosensitive
elements are arranged in closely spaced “triads” (or
“triplets”), and the triads are arranged in an array. An
overlying optically-transmissive layer has lenslets
formed therein. One lenslet is associated with each triad
of photosensitive elements. The lenslet is preferably a
diffractive device that is capable of focusing different
wavelengths (e.g., red, green, blue) of incident light
onto a particular one of the three photosensitive ele-
ments of a triad.

Further according to the invention, three monochro-
matic image sensors are juxtaposed in a linear array, a
curved array, or a triangular pattern. An additional
optical clement serves as a beam splitter, and directs
different wavelengths of incident light onto a particular
one of the three monochromatic image sensors.

In an embodiment of the invention, a television cam-
era may be provided, comprising a camera housing and
an image sensor of the type discussed above mounted
within the camera housing.

According to one feature of the invention, the afore-
mentioned television camera may be provided in a hous-
ing mounted to a bracelet-type band which is sized to fit
around a human wrist.

According to another feature of the invention, the
housing is formed integrally with at least a portion of a
bracelet-type band which is sized to fit around a human
wrist.

According another feature of the invention, the hous-
ing is sized and shaped to facilitate attachment to a
telescope eyepiece.

According to another feature of the invention, the
housing is sized and shaped to facilitate attachment to a
microscope eyepiece.

Another television camera embodiment further com-
prises a fixed-focus optical system mounted above the
image sensor. '

Another television camera embodiment further com-
prises a variable-focus optical system mounted above
the image sensor.

Various embodiments are directed to a security sys-
tem based on a camera of the type discussed above in
combination with a video display monitor.

Various other embodiments are directed to a video-
phone system based upon a camera of the type discussed
above, a video display monitor, and means to transmit
and receive a video signal from the camera across a
communications line to the video display monitor.

Further according to the invention, an image-sensing
display panel comprises an LCD display panel; a sub-
strate having an array of photosensitive elements dis-
posed on a surface of the substrate, and an optically
transmissive layer above and contiguous with the array,
wherein said transmissive layer is capable of focusing
light onto said array.

According to a feature of the invention, the LCD
display panel and the substrate are aligned along the
same optical path.

According to a feature of the invention, the LCD
display panel, the optically transmissive medium (layer)
and the substrate are aligned along the same optical
path.

Other objects, features and advantages of the inven-
tion will become apparent in light of the following
description thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partially cut-away, perspective view of
the basic solid state image sensor, according to the pres-
ent invention.

FIG. 1A is a plan view of the surface of a substrate
having an array of photosensitive elements, according
to the present invention.

FIG. 1B is a plan view of an alternate embodiment of
the surface of a substrate having an array of photosensi-
tive elements, according to the present invention.

FIG. 1C is a plan view of an yet another embodiment
of the surface of a substrate having an array of photo-
sensitive elements, according to the present invention.

FIG. 2A is a diagrammatic representation of a physi-
cal offset between lenslets and photosensitive elements,
according to the present invention.

FIG. 2B is a diagrammatic representation of an alter-
nate embodiment of a physical offset between lenslets
and photosensitive elements, according to the present
invention.

FIG. 2C is a diagrammatic representation of an em-
bodiment of a virtual (rather than physical) between
lenslets and photosensitive elements, according to the
present invention.

FIG. 3 is a partially cut-away, perspective view of an
alternate embodiment of the invention.

FIG. 4 is a partially cut-away, perspective view of
yet another embodiment of the invention.

FIG. 4A is a side view of yet another embodiment of
the invention.

FIG. 4B is a side view of yet another embodiment of
the invention.

FIG. § is a perspective view of yet another embodi-
ment of the invention.

FIG. 6 is a cross-sectional view of yet another em-
bodiment of the invention.

FIG. 7 is a cross-sectional view of yet another em-
bodiment of the invention.

FIG. 8 is a partially cut-away, perspective view of
yet another embodiment of the invention.

FIG. 9 is a diagrammatic representation of yet an-
other embodiment of the invention.

FIG. 9A is a diagrammatic representation of yet an-
other embodiment of the invention.

FIG. 9B is a diagrammatic representation of yet an-
other embodiment of the invention.

FIG. 10 is a diagrammatic representation of yet an-
other embodiment of the invention.

FIG. 11 is a cross-sectional representation of yet
another embodiment of the invention.

FIG. 12 is a cross-sectional representation of yet
another embodiment of the invention.

FIG. 13 is a cross-sectional view of a television cam-
era incorporating a solid-state image sensor according
to the invention.

FIG. 14A is a block diagram of a security system
incorporating a solid state image sensor according to
the invention.

FIG. 14B is a block diagram of a video-telephone
system incorporating a solid state image sensor accord-
ing to the invention.

FIG. 15 is a partially diagrammatic, partially sche-
matic view of a combined display and solid state image
sensor arrangement.

FIGS. 16A-16C are cross-sectional views of various
“sandwiched” display and solid-state image sensor ar-
rangements, according to the invention.
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FIG. 16D is a block diagram of a multiplexing system
for simultaneous display and image capture, according
to the invention. .

FIGS. 17A-16C are views of various embodiments of
combined display and image sensor arrangements af-
fixed to a bracelet-type band, according to the inven-
tion.

FIG. 18 is a block diagram of a 2-way audio/video
communication device, according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 show a solid state image sensor 100. A plural-
ity of photosensitive elements 102 (shown as dots “o%%)
are formed on the front surface (up, in the figure) of a
substrate 104. The photosensitive elements 102 may be
memory cells which discharge upon incidence of light,
a CCD array, or any other suitable device which
changes state or generates a potential or potential differ-
ence upon incidence of light. The substrate 104 may be
a silicon semiconductor die. Other suitable semicon-
ducting materials may also be used. The photosensitive
elements 102 are arranged in an array of hundreds or
thousands of rows and columns (only six rows and col-
umns shown, for clarity). Preferably, the photosensitive
elements are arranged in a square (mXm) or rectangu-
lar (m X n) array of evenly spaced elements. However,
the photosensitive elements of one row'(or column) can
be offset from the elements of an adjacent row (or col-
umn). In FIG. 1A, the photosensitive elements 102 are
arranged in a square array, and are arranged in columns
and rows. In FIG. 1B, the photosensitive elements 102’
are arranged in a rectangular array on the surface of a
substrate 104', and the photosensitive elements 102’ of
one row (or column) are offset from the photosensitive
elements 102’ of adjacent rows (or columns).

Returning to FIG. 1, an optically-transmissive layer
106 is applied over the substrate, covering at least the
entire array of elements 102 (or 102, or 102" discussed
hereinbelow). Although the elements 102 are shown
covering substantially the entire surface of the sub-
strate, it is within the scope of this invention that the
array of elements occupies only a selected area, such as
a central area 103 (dashed lines), of the substrate 104",
as shown in FIG. 1C, where the photosensitive ele-
ments 102" cover only a central area 103 of the sub-
strate 104",

In FIG. 1A, the photosensitive elements of one row
are aligned with the photosensitive elements of an adja-
cent row, and the photosensitive elements of one col-
umn are aligned with the photosensitive elements of an
adjacent column.

In FIG. 1B, the photosensitive elements of one row
are offset from (located orthogonally between) the pho-
tosensitive elements of an adjacent row, and the photo-
sensitive elements of one column are offset from the
photosensitive elements of an adjacent column.

Returning to FIG. 1, the layer 106 is formed of a
suitably optically-transmissive material such as silicon
dioxide (8i0O»), spin-on glass, re-flow glass, photoresist,
spin-on photoresist, re-flow photoresist, or the like, and
is preferably of substantially uniform thickness. Spin-on
and re-flow techmiques provide relatively uniform
thickness layers. In the event that the thickness of the
layer 106 is non-uniform, as initially applied, it is prefer-
ably planarized by chemical-mechanical polishing tech-
niques, or the like. For a description of chemical-
mechanical polishing techniques, see (e.g.) U.S. Pat.
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6
Nos. 4,671,851, 4,910,155 and 4,944,836, incorporated
by reference herein.

Alternatively, the layer 106 can be applied as a sedi-
mentary layer of relatively uniform thickness, as dis-
cussed in commonly-owned, co-pending U.S. patent
application Ser. No. 906,902, entitled SEDIMEN-
TARY DEPOSITION OF PHOTORESIST ON
SEMICONDUCTOR WAFERS, filed Jun. 29, 1992 by
Rostoker. .

The thickness of the layer can be verified by optical
interference techniques, or the like, and adjusted to an
appropriate final thickness.

As shown in FIG. 1, the layer 106 is provided with a
plurality of lens elements, or “lenslets” 108 (shown as
circles “O”). The lens elements 108 are arranged in an
array of hundreds or thousands of rows and columns
(only six rows and columns shown, for clarity), corre-
sponding on a one-to-one basis to the underlying ele-
ments 102. The lenslets (lens elements) 108 are aligned
over the photosensitive elements 102 in one of various
ways discussed hereinbelow- Preferably, the lens ele-
ments 108 are formed as diffractive (binary) optical
structures, but may be any lens or optical device which
is capable of focusing an image onto the underlying
photosensitive elements 102.

Although each lenslet 108 is generally directly over a
corresponding photosensitive element 102, each pair of
lenslets and corresponding photosensitive element is
specifically arranged to sense a particular portion of an
image being focused onto the substrate. This is accom-
plished in one of a variety of ways.

FIG. 2A shows an arrangement 200 of three lens
elements 1084, 1085 and 108¢, over three corresponding
photosensitive elements 102z, 1025 and 102¢. In this
example, the photosensitive elements are arranged in a
regular array, with constant spacing “d” therebetween.
(This figure illustrates only three photosensitive ele-
ments and lens element.) However, the lens elements
are arranged in an irregular array, with varying spacing,.
More particularly, the lens element 1084 is physically
offset in one or two dimensions from the photosensitive
element 102a. The lens element 1085 is physically
aligned with (directly over) the photosensitive element
102b. The lens element 108¢ is physically offset in an
opposite (from the offset of 108a) direction from the
photosensitive element 102¢. In this manner, specific
portions (e.g., top left, center, bottom right, etc.) of an
image being focused onto the substrate can be focused
onto specific photosensitive elements 102. Each photo-
sensitive element 102 will provide information relating
to one “pixel” of the image being focused onto the
substrate. In aggregate, the plurality of photosensitive
elements will provide pixel information for the entire
image of interest—each pixel representing a particular
location on the image. The various physical offsets of
the lens elements are arranged to effect this result,
namely by covering the entire two dimensional field of
the image.

FIG. 2B shows an alternate arrangement 210 of three
lens elements 1084, 108¢ and 108f, over three corre-
sponding photosensitive elements 102d, 102¢ and 102f.
In this example, the lens elements are arranged in a
regular (evenly spaced) array, with constant spacing
“s” therebetween. However, the photosensitive ele-
ments are arranged in an irregular (varying spacing)
array. More particularly, the photosensitive element
1024 is physically offset in one or two dimensions from
the lens element 1084. The photosensitive element 102¢
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is physically aligned with (directly under) the lens ele-
ment 108¢. The photosensitive element 102f is physi-
cally offset in an opposite (from the offset of 102¢) di-
rection from the lens element 108/, In this manner, spe-
cific portions (e.g., top left, center, bottom right, etc.) of
an image being focused onto the substrate can be fo-
cused onto specific photosensitive elements 102. Each
photosensitive element 102 will provide information
relating to one “pixel” of the image being focused onto
the substrate. Again, in aggregate, the plurality of pho-
tosensitive elements will provide pixel information for
the entire image of interest—each pixel representing a
particular location on the image. The various offsets of
the photosensitive elements are arranged to effect this
result, namely by covering the entire two dimensions of
the image. FIG. 2C shows an alternate arrangement 220
of three lens elements 108g, 108/ and 108/, over three
corresponding photosensitive elements 102g, 102k and
102:. In this example, the lens elements are arranged in
a regular array, with constant spacing “s” therebe-
tween, and the photosensitive elements are arranged in
a regular array with constant spacing “d” therebe-
tween. In other words, the lenslets are all physically
aligned with the underlying photosensitive elements,
with no physical offset. In the event that all of the lens-
lets 108g, 1084 and 108i were formed the same (same
focusing parameters) as one another, this would result
in all of the photosensitive elements 102g, 102% and 102;
providing the same pixel information as the remaining
photosensitive elements. Therefore, the lens elements
108g, 108/ and 108/ are each formed as binary (diffrac-
tive) optics, with unique focusing characteristics. More
particularly, the lenslet 108¢ is formed with its focal
point offset in one or two dimensions from the photo-
sensitive element 102g. The lenslet 1084 is formed with
its focal point aligned with the photosensitive element
1027, The lenslet 108/ is formed with its focal point
offset in an opposite direction (vis-a-vis the lenslet 108g)
from the photosensitive element 102¢ and is physically
aligned with the lens element 102 This provides a
“virtual” offset for each pair of lenslets and photosensi-
tive elements, in marked contrast to the “physical”
offsets described with respect to FIGS. 2A and 2B.
However, the result is similar in that, specific portions
(e.g., top left, center, bottom right, etc.) of an image
being focused onto the substrate can be focused onto
specific photosensitive elements 102. Each photosensi-
tive element 102 will provide information relating to
one “pixel” of the image being focused onto the sub-
strate. Again, in aggregate, the plurality of photosensi-
tive elements will provide pixel information for the
entire image of interest—each pixel representing a par-
ticular location on the image. The various virtual offsets
are arranged to effect this result, namely by covering
the entire two dimensions of the image.

The commonality between the arrangements of
FIGS. 2A, 2B and 2C is that the relative orientation
(whether physical or virtual or in combination) of the
lenslets and photosensitive elements is arranged so that
light from a selected portion of an image being focused
by the lenslets onto the substrate is focused onto only
one of the photosensitive elements, and in aggregate the
photosensitive elements of the array provide a complete
pixel-by-pixel image (i.e., signals representative of the
incident image).

In the arrangements 200, 210 or 220 of FIGS. 2A 2B
or 2C, light from a particular portion of an image being
focused onto the die (substrate) is, however, focused by
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all of the lens elements 108 onto the substrate. However,
the light from a particular portion of the image is fo-
cused onto only one of the photosensitive elements 102.
For the remainder of the photosensitive elements 102,
the light from that particular portion of the image is
focused onto the front surface of the substrate in areas
between photosensitive elements 102. It is within the
scope of this invention that there may well be circuitry
(e.g., image processing circuitry) formed on the front
surface of the substrate in the areas between photosensi-
tive elements 102 or in any other appropriate areas.
Such circuitry may be adversely affected by light.
Hence, these areas between photosensitive elements are
preferably “masked” with an opaque layer, such as
silicon nitride, aluminum or opaque photoresist (ink).

FIG. 3 shows an arrangement 300 similar to that of
FIG. 1. However, in this example, a optically-opaque
layer 310 is applied over the substrate 304, and over any
circuit elements (not shown) on the surface of the sub-
strate. The layer 310 is formed of any suitable material,
such as silicon nitride, opaque photoresist, or the like,
and is applied so as to have openings 312 (holes) in
registration with the plurality of photosensitive ele-
ments 302 on the surface of the substrate. As in FIG.
1C, the array of photosensitive elements may cover
only a portion of the surface of the substrate. An opti-
cally transmissive layer 306 is applied over the masking
layer 310, and can be applied to fill the holes while
maintaining a relatively planar surface. The layer 306
can also be chemical-mechanically polished prior to
forming lenslets in its exposed surface. Lenslets 308
(preferably diffractive) are formed (or deposited) in the
optically transmissive layer. The techniques discussed
with respect to FIGS. 14, 1B, 2A, 2B and 2C are appli-
cable with this arrangement which uses an additional
masking layer 310.

In certain applications, it may be desirable to space
the lens elements (e.g., 108, 308) further away from the
photosensitive elements (e.g., 102, 302), while maintain-
ing the integral structure of the substrate, photosensi-
tive elements, masking layer (if used) and lens elements.
This will allow greater flexibility in the design of the
lenslets, such as increased depth of focus.

FIG. 4 shows an arrangement 400 similar to that of
FIG. 1. However, in this example, an optically-trans-
missive layer 410 is applied over the substrate 404, and
over any circuit elements (not shown) on the surface of
the substrate. The layer 410 is preferably applied with
uniform thickness, compensating for topological non-
uniformities that may be caused by the underlying pho-
tosensitive elements (not shown) on the surface of the
substrate. The layer 410 is formed of any suitably opti-
cally-transmissive material, such as silicon dioxide
(8i02), spin-on glass, re-flow glass, photoresist, spin-on
photoresist, re-flow photoresist or the like, and is pref-
erably of substantially uniform thickness. Spin-on and
re-flow techniques provide relatively uniform thickness
layers. In the event that the thickness of the layer 410 is
non-uniform, as initially applied, it is preferably plana-
rized by chemical-mechanical polishing techniques, or
the like. Alternatively, the layer 410 can be applied as a
sedimentary layer of relatively uniform thickness, as
discussed hereinabove.

Whereas in FIG. 3, the layer 310 acted as a masking
layer, to prevent light focused away from a photosensi-
tive element from impacting on circuit elements be-
tween photosensitive elements, in this example, the
layer 410 acts as a “standoff’ to establish a suitable
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(increased) spacing for the overlying layer 406 contain-
ing lenslets 408.

As in FIG. 1C, the array of photosensitive elements
in the arrangement 400 may cover only a portion of the
surface of the substrate. Further, the techniques dis-
cussed with respect to FIGS. 1A, 1B, 2A, 2B and 2C are
applicable with the spacing layer 410.

. FIG. 4A shows an arrangement 420 wherein the

teachings of FIGS. 3 and 4 are applied in combination.
In this example, a masking layer 422 (similar to 310) is
applied over the substrate 404’, with holes (not shown)
aligned with the photosensitive elements (not shown).
An optically-transmissive standoff layer 424 (similar to
410) is applied over the masking layer 422. An optically-
transmissive layer 406’ is applied over the optically-
transmissive standoff layer 424, and is provided with
lenslets (not shown). The techniques discussed with
respect to FIGS. 14, 1B, 1C, 2A, 2B and 2C are appli-
cable in this arrangement 420.

FIG. 4B shows an arrangement 440 wherein the
teachings of FIGS. 3 and 4 are applied in combination.
In this example, an optically-transmissive standoff layer
444 (similar to 410) is applied over the substrate 404",
An opaque masking layer 442 (similar to 310) is applied
over the standoff layer 444, and has holes aligned with
the photosensitive elements (not shown). An optically-
transmissive layer 406" is applied over the masking
layer 442, and is provided with lenslets (not shown).
The techniques discussed with respect to FIGS. 1A, 1B,
1C, 2A, 2B and 2C are applicable in this arrangement
420.

Having created a sizeable spacing between the lens
elements (e.g., 108, 308, 408) and the photosensitive
elements (e.g., 102, 302, 402), alternative and additional
arrangements of lens elements can be implemented.

FIG. 5 shows an arrangement 500 wherein a single,
large lens element 508 is formed in an optically-trans-
missive layer 506 overlying an array of photosensitive
elements 502 on a substrate 504. Preferably, the lens
element 508 is formed as a single binary (diffractive)
optical device, covering the entire array of photosensi-
tive elements 502. The techniques discussed with re-
spect to FIGS. 1A, 1B, 1C, 3, 4, 4A and 4B are applica-
ble in this arrangement 500. Preferably, an optically-
transmissive layer (not shown) is interposed between
the single large lens element 508 and the surface of the
substrate 504 (compare the optically-transmissive layer
410 of FIG. 4).

FIG. 6 shows an arrangement 600 where the lens
element 608 is not integral with the substrate (as it was
in the previous embodiments/arrangements). Rather, in
this arrangement, a lens element 608 is mounted to verti-
cal spacing members such as pins, posts, shims, or the
side walls 622 of a package 620, or the like, containing
the substrate 602 (array of photosensitive elements not
shown). The side walls 622 of the package body estab-
lish a known standoff for the lens element (i.e., distance
between the lens element and the photosensitive array
on the surface of the die). With the substrate 602, and
the photosensitive array located in a predetermined
location between the side walls 622, an accurate X-Y
alignment of the lens 608 over the photosensitive array
occurs. The lens element 608 is preferably a refractive
optic, similar to those described above (e.g., 108, 308,
408, 508), but in this case is non-integral with the sub-
strate. Further, the techniques discussed with respect to
FIGS. 1A, 1B, 1C, 2A, 2B and 2C are applicable in this
arrangement 600.
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It is within the scope of this invention to provide
“mixed” optics comprising a combination of conven-
tional (including refractive) lenses and binary refractive
or diffractive lenses. For example, the lens element 608
can be formed as a conventional refractive lens which is
also etched with a diffractive optical pattern. Such
combination lens arrangements could be used in any
lens application (e.g. , 108, 208, 308, 408, 508).

FIG. 7 shows an arrangement 700 similar to that of
FIG. 6, in that a lens element 708 is supported above the
substrate 702 by vertical pillars or posts/pins/shims,
such as the side walls 722 of a package 720 (similar to
620), or the like. (The photosensitive array on the front
surface of the die/substrate is not shown.) However, the
substrate is also provided with an integral optic 788 on
its front surface. Two variations are possible: (1) the
lens element 708 can be a conventional refractive lens,
and the substrate-integral optic 788 can be similar to any
of the above-described diffractive elements (e.g., 108,
308, 408, 508), or (2) the lens element 708 can be similar
to any of the above-described diffractive elements (e.g.,
108, 308, 408, 508), and the lens element 788 can be a
conventional refracting lens mounted to the surface of
the substrate. Additionally, either lens element 708 or
788 may be a combination lens of conventional cum
binary or conventional cum refractive lenses. Further,
the techniques discussed with respect to FIGS. 1A, 1B,
1C, 2A, 2B and 2C are applicable in this arrangement
600. In this manner, the “mixed” optics 708 and 788 can
be designed to eliminate spherical and/or chromatic -
aberration. Filters may also be used to remove light
having a wavelength subject to chromatic aberration
and not otherwise corrected for by the use of “mixed
optics™.

The preceding arrangements are generally best suited
for monochromatic imaging. There also exists a viable
requirement for color imaging. Color imaging is typi-
cally accomplished with three optical systems, each
responsive to a different color of light, such as red (R),
green (G) and blue (B). Each system comprises a lens, a
filter and an associated photodetector (array). Such
triplication of elements is, evidently, costly compared to
a single system.

FIG. 8 shows an arrangement 800 suited for color
imaging. An array of photosensitive elements 802 are
arranged on the front surface of a substrate 804, in a
manner similar to the photosensitive elements 102 (e.g.).
However, in this arrangement 800, at each array loca-
tion, there are three closely-grouped together photosen-
sitive elements (“triplets™) 802a, 8025, 802c, rather than
a single photosensitive element 102. A 4X4 array is
shown, for illustrative clarity. An optically-transmissive
layer 806 (similar to 106) is formed over the array of
photosensitive element triplets. In this case, there is one
lenslet 808 for each “triplet” of photosensitive elements.
The lens elements are preferably formed as diffractive
elements (or a combination lens), and are designed to
have different focal points for different wavelengths of
light. For example, red (R) light can be focused onto the
element 8022 of a triplet, green (G) light can be focused
onto the element 8025 of the triplet, and blue (B) light
can be focused onto the element 802¢ of the triplet. In
this manner, color imaging can be achieved. The tech-
niques discussed above, with respect to offsets (so that
each triplet represents a pixel of the incident image),
masking and transparent layers interposed between the
lens element layer (806) and the substrate, supporting
the lens structure or another lens structure on a package






