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DESCRIPTION

[0001] The present invention relates to a lens array and a method of making a lens array.
"Lens array” is used herein to refer to an array of individual lenses or an array of lens stacks.

[0002] In various devices, plural lenses are used in an array configuration arranged to receive
light along plural optical paths, instead of using a single lens or lens stack with a single optical
path. Some modern mobile telephones or digital cameras include an array of lenses or lens
stacks. Such an array can be used to improve the image quality derivable from the camera or
device In question. Each Iindividual lens or lens stack provides a unique viewpoint having its
own defined optical path. In some cases the device can function to combine all the data
received from the multiple viewpoints so as to build a single high-quality image. Alternatively,
Individual images from the individual lenses or lens stacks within the array can be used so as
to generate a three-dimensional image from the camera. In all cases, it iIs important that the
relative positioning of the individual lenses or stacks i1s known. In other words, the position of
one lens within the array with respect to the other lenses in the array i1s important, particularly if
a three-dimensional image i1s to be produced from the captured image data. In another
example, instead of producing three-dimensional images from such a lens array, each of the
Individual lenses within the array may be provided with a different colour filter such as to
provide Individual colour filtered images for further processing. In all cases, the relative
positioning of the Individual lenses or lens stacks within the array is important.

[0003] US2009141361 describes an imaging device Including a plurality of pixels having a
photoelectric conversion function, and a microlens array Iincluding a plurality of microlenses
that form subject images on these plurality of pixels and are arranged in a matrix are disposed
so as to face each other. US2010033647 describes a display element and electronic element
module In which a lens Is formed as part of a translucent support substrate having a display
disposed thereon, the lens being formed on a part other than where the display is disposed,
where an electronic element is disposed for the lens. WO2011063347 describes lens stack
arrays that include lens elements formed on substrates separated by spacers, where the lens
elements, substrates and spacers are configured to form a plurality of optical channels, at least
one aperture located within each optical channel, at least one spectral filter located within each
optical channel, where each spectral filter is configured to pass a specific spectral band of light,
and light blocking materials located within the lens stack array to optically isolate the optical
channels. US2010052192 describes an electronic element wafer module In which a
transparent support substrate is disposed facing a plurality of electronic elements formed on a
wafer and a plurality of wafer-shaped optical elements are disposed on the transparent support
substrate, where a groove Is formed along a dicing line between the adjacent electronic
elements, penetrating from the optical elements through the transparent support substrate,
with a depth reaching a surface of the wafer or with a depth short of the surface of the wafer;
and a light shielding material is applied on side surfaces and a bottom surface of the groove or
IS filled In the groove, and the light shielding material 1s applied or formed on a peripheral
portion of a surface of the optical element, except for on a light opening in a center of the
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surface.

[0004] Conventionally, the means by which the relative positioning of the individual lenses
within a lens array Is achieved is with the use of a lens alignment frame. Figure 1 shows a
schematic representation of a lens array comprising plural lenses. Each lens is a single unitary
lens although it will be appreciated that in place of each single lens, a lens stack can be used,
l.e. there could be four lens stacks instead of four individual lenses. For conciseness
throughout the term "lens” will be taken to encompass "lens stack” too.

[0005] The array 2 comprises a frame 4 having arranged within it four individual lenses 6.
Each of the lenses 6 may be formed on a square prism of optical material which fits into a
corresponding opening within the frame 4. The frame 4 iIs configured such that the relative
positioning of the individual lenses 6, with respect to each other, is known when the lenses are
arranged within the frame. Although a lens array such as that shown in Figure 1 works well, the
assembly of the array can be difficult. In particular, each of the lenses 6 Is formed individually
and must then be assembled within the corresponding opening within the frame 4. Such a
process Is time consuming and prone to error. Furthermore, any slight misalignment of the
Individual lenses can cause errors in the images subsequently captured and processed.

[0006] According to a first aspect of the present invention, there Is provided a method of
forming a crosstalk-supressed lens array, as defined in claim 1.

[0007] A method of forming a lens array Is provided that ensures accurate relative alignment
and positioning of the individual lenses or lens stacks. In particular use of a unitary lens array
preform determines at the outset the relative position of the lens elements. A trench Is then
formed In the unitary preform which is filled with a light absorbent material or mixture so as to
limit or avoid crosstalk between individual lenses without in anyway affecting the alignment and
relative positioning of the individual lenses. Previously, if a frame was used In to which
Individual lenses were placed there was a greater chance of misalignment and mis-positioning
of individual lens elements. Furthermore the process of assembly was time consuming and
prone to error.

[0008] As mentioned above, the first aspect of the invention refers to individual lenses. Each
lens within the array may be a stack of lenses having a common or shared optical axis, and
thus occupying one position within the lens array.

[0009] Preferably, the method comprises forming the trenches using a method selected from
the group Including milling, laser ablation, etching and cutting. Any appropriate means to form
the trench between lenses can be used. However, It Is convenient and effective to use one or
more of milling, laser ablation, etching, grinding and cutting. Preferably, more than two
trenches are formed between two adjacent lenses. Preferably, the plural trenches are offset
laterally but overlap vertically so as to entirely shield the respective lenses from crosstalk from
the adjacent lens.
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[0010] By providing vertically overlapping laterally offset trenches as defined in product claim 9
IS possible to ensure that the lens array retains its unitary structure throughout even though all

the trenches can be formed at the same time or Iin the same process step. In a particularly
preferred example, the trenches are formed simultaneously so that all trench formation can be

performed at the same time and thus the production time or cycle can be kept to a minimum.

[0011] Preferably, the plural trenches are aligned laterally. Preferably, the second trench
extends into the first trench. Thus a complete barrier can be formed between adjacent lenses
In the array. Preferably, providing the light absorbent material comprises providing a material
having substantially the same refractive index as the lenses themselves. This has the
advantage that at the boundary with the lens, the Incident light "sees” no boundary and
therefore will not be reflected. Preferably, providing the light absorbent material comprises
providing a matrix optical material having substantially the same refractive index as the lenses
themselves together with light absorbent particles suspended therein. The concentration and
size of the light absorbing particles is selected to ensure sufficient absorption of received light.

[0012] There Is also disclosed herein an example in which the array is a two by two array of
lenses and a method that comprises forming a first barrier between a first pair of the lenses
and a second barrier transverse to the first so as to optically isolate each of the individual
lenses. The specific non-limiting example of a two-by-two array i1s given although it will be
appreciated that other two dimensional arrays could also be used. It would be preferred that
whatever size of array Is used, barriers are formed so as to optically isolate each of the array

elements.

[0013] According to a second aspect of the present invention, there is provided a crosstalk-
supressed lens array, as defined in claim 9.

[0014] Preferably, the array i1s formed as a unitary optical component. Preferably, the barrier
comprises a light absorbent material having substantially the same refractive index as the
lenses In the array. Preferably, the light absorbent material is a paint or glue arranged between
the two adjacent lenses to hold the array together and block light transmission between the two
adjacent lenses.

[0015] Embodiments of the present invention will now be described Iin detail with reference to
the accompanying drawings, in which:

Figure 1 1s a schematic representation of a lens array;
Figure 2 I1s a schematic representation of a lens array;
Figure 3 shows a schematic representation of a side view of a lens arrays preform;

Figures 4A to 4E show the stages in the formation of a lens array starting with the preform of
Figure 3;

Figure 5 shows a plan view of formed lens array;
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Figure 6 shows an embodiment of a crosstalk-suppressed lens array according to the
Invention. Figure 7 shows an example lens array not falling under the scope of the claims.

Figure 8 Is a schematic representation of a lens stack.

[0016] Figure 2 I1s a schematic representation of a plan view of an example of an optical lens
array. The lens array 1s a unitary structure 8 comprising four individual lens elements 10 with a
dividing boundary 12. The boundary 12 i1s formed of a light absorbent structure which serves to
block stray light from one lens interfering with light in another. In other words it provides a
means by which optical crosstalk between the individual lenses in the array can be minimised
or avoided. The lens array is shown as a two-by-two array but it will be appreciated that it could
be any of any desired or required size. Other typical examples include one-by-two, three-by-
two or three-by-three.

[0017] To form a lens array such as that shown In Figure 2, a lens array preform is processed,
the preform initially comprises four lens elements formed on a glass substrate. Figure 3 shows
a schematic representation of a side view of such a two-by-two lens array preform 9. As used
herein the term preform is used to designate an optical structure which i1s at an intermediate
stage of production. Thus, In this example, the lens array preform 9 has plural lenses 14 but
needs further processing as will now be explained.

[0018] The preform 9 I1s formed as a unitary body of an optical material such as glass or optical
polymer. By forming the array as a unitary body, the relative positioning between the individual
lenses 14 within the array or preform can be accurately determined. For example, a single
mask or mold may be used to form plural lens elements on a single glass wafer. Blocks of four
or more preforms can then be "cut out” from the wafer so as to produce the lens array preform
as shown In Figure 3. Previously, even If wafer scale molding was used, once the wafer with
plural lens elements was formed, individual lens elements would be cut out from the wafer for
assembly within a frame as explained above.

[0019] Although by itself, the preform of Figure 3 could work well so long as all received light
was channelled within an individual one of the lenses, In practice, this would not always happen
due to the variation in the angle of incidence on light received by the array.

[0020] Some means for absorbing interference between the lenses, 1.e. optical crosstalk, Is
provided and the means by which this is formed within the lens array 8 will now be described
with reference to Figures 4A to 4D.

[0021] Inttially, referring to Figure 4A, a trench 16 Is formed that extends between the lens
elements 14. Figure 4B shows a plan view of the arrangement of Figure 4A. As can be seen,
the array comprises four lens elements and the trench 16 extends longitudinally across the
whole device such as to subdivide the lens elements into two separate groups 184 and 18-.
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The trench extends some proportion, say between 50 and 90%, of the thickness (or depth)
through the array, but not all the way through. This way the unitary nature of the preform is
maintained. In other words, even with the trench formed In the preform, the resultant structure
IS a unitary single component in which the relative position of the lens elements is at it was
prior to production of the trench.

[0022] Next, as seen In Figure 4C, the trench 16 is filled with a light absorbent material 20. The
material used to fill the trench 16 may be a curable polymer material which serves to absorb
light that crosses into it. Initially, the polymer may be In liquid form and may be provided within
the trench. Then, the array iIs Irradiated with curing radiation, typically Ultra Violet, so as to
solidify the vertical optical barrier. Thus, a partial vertical barrier has been formed between the
groups 181 and 18, of lens elements. Although, depending on the depth of the trench 16, this

may be sufficient to limit crosstalk to an acceptable level between the lenses In the array, In a
preferred example, the barrier iIs completed as now described with reference to Figure 4D.

[0023] A second trench 22 i1s formed, aligned with the first trench 16, but on the opposite
surface of the array 8, such as to join the now solidified or cured barrier 20. In an example the
depth of the second trench 22 is sufficient to extend some way into the formed barrier 20.
Next, a light absorbent material i1s provided in the second trench 22 such as to complete the
vertical barrier between the lens groups 184 and 185. This Is shown clearly in Figure 4E. Again,

as with the first trench 16, once the second trench 22 is formed, a curable polymer material
which serves to absorb light that crosses Into it i1s provided In the second trench 22, which is
then cured. There is now a completed vertical barrier between the two groups 184 and 18, of

lens elements, which extends through the whole depth of the lens array.

[0024] Next, the process Is repeated such as to provide a barrier between the individual lenses
within each of the groups 184 and 185, I.e. transverse to the formed barrier. Figure 5 shows a

plan view of the resulting structure from above. As can be seen, there Is a cross-like
arrangement of light absorbent barriers 24 which ensures that each one of the individual lens
elements 14 Is effectively optically isolated. This has been achieved without at any stage
separating the individual lens elements from each other or the lens array which has retained a
unitary structure throughout. Therefore, the relative alignment and positioning of the individual
lens elements 14 is as it was when originally formed without any of the light absorbent barriers.
Thus, the device remains a unitary structure which therefore improves the reliability of the
relative lens element alignment and the subsequent optical performance.

[0025] Of course, In some cases once the trench has been formed and filled, the body of
material on either side of the trench may move dependent on whether the volume of material
filled into the trench exactly equals the volume of the trench. Indeed, iIn some cases, it may
when first put in to the trench, fill the trench exactly, but then upon curing contract or expand so
that the cured volume Is different from the original trench volume. The expansion or
contraction will be of a known amount and so In any event the precise relative positioning of
the optical elements on either side of the trench will be known.
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[0026] Figure 6 shows a schematic representation of a side view of a lens array. The lens
array 26 1s of the same general form as that shown Iin Figure 5. However, In this case, two
adjacent trenches 28 and 30 are provided within the lens array, each filled with a light
absorbent material. The trenches 28 and 30 are formed as recessed into opposite surfaces of
the lens array and offset laterally. Neither of the trenches extends all the way to the other
surface of the lens array but, in combination, they provide a complete barrier to light from one
side of the lens array to the other. The barriers overlap vertically such that there i1s no line of
sight path from a lens on one side of the barriers to a lens on the other. Such an arrangement
IS particularly preferred since it will be appreciated that as neither of the trenches extends all
the way to the other surface of the lens array, both can be formed in the lens array at the same
time and in the same processing step, whilst the array will still retain its unitary character. This
therefore enables the formation of the lens array in a quick and efficient manner.

[0027] In one example, a lens array preform, such as that shown in Figure 3, Is processed so
as to form the two trenches 28 and 30. A curable material 1s provided within each of the
trenches and the resultant structure is irradiated with a curing radiation. Thus, In a reduced
number of processing steps, the lens array i1s formed. Again, since the relative positioning of
the lenses within the array iIs not changed during processing, accurate relative alignment and
positioning can be achieved.

[0028] Figure 7 shows a further example of a lens array. In this example, a single trench 32 is
provided between the two sets of lens elements 344 and 34,. The trench 32, filled with an

optically absorbent material, does not extend all the way through the lens array. There Is a
small amount of optical material 36 that is arranged between the bottom of the trench 32 and
the surface 38 of the lens array. Such an arrangement is extremely simple to produce since
only a single trench is required in the lens array preform. Furthermore, the performance of
such a lens array Is sufficiently good to make a device such as this effective and useful in its
various applications. Although there may be some small amount of stray light from one of the
groups of lenses 341 to the other 345, the amount of crosstalk will be low.

[0029] In the embodiment of Figure 6 and the example of Figure 7, it will be noted that the lens
arrays comprise plural lenses that are part of the unitary structure of the array. Following a
continuous line it is possible to move from any location within the 3D space occupied by the
lenses to any other without encountering obstruction. The line will of course have to bend and
deviate so as to avoid the light absorbing barriers (i.e. there is not a clear line of sight path
between every pair of points in the lenses), but nonetheless it is possible to move from one
point In the lenses to any other without leaving the outer boundary of the unitary structure.

[0030] Figure 8 shows an example of a lens stack that could take the place of a single lens as
the optical component of the arrays of any of Figure 2 to 7. The lens stack 40 comprises three
lens elements 42, 44 and 46. A spacer layer 48 iIs provided and an optical filter 50 together
with a protective outer layer 52 Is also provided to the lens stack 40. The precise function of
each of the lenses 44, 44 and 46 i1s not particularly important to the present discussion. The
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array preform in the case of lens stacks being used could be formed by arranging lens wafers
having plural lenses in alignment and then fixing and cutting so as to create unitary blocks of
plural lens stacks. One or more trenches are then formed In the unitary block of plural lens
stacks so as to enable isolation of individual lens stacks in a manner analogous to that
described above with respect to Figures 3 to 7.

[0031] As mentioned above, the material used to fill the trenches within the lens arrays, Is
preferably a paint or glue. The paint or glue, when dried or cured, serves to hold the lenses
together and absorbs stray optical signals. It i1s preferred that the material used to fill the light
absorbing trenches, has a refractive index substantially the same as that of the bulk material
from which the lens elements themselves are formed. This will ensure that light passing from
one of the lens elements into the light absorbent barrier will not "see"” a boundary and therefore
there will be no total internal reflection. Thus, the barrier serves to allow light to travel into it
but, once received In the barrier it i1s absorbed and therefore dissipates within the barrier
before leaving to enter an adjacent lens.

[0032] In one example, an optically transparent matrix material with the same refractive index
as the material of the lens i1s used In the barrier, with light absorbing particles, e.g. soot,
carbon, pigment and the like, suspended therein. The concentration and size of the light
absorbing particles Is selected to ensure sufficient absorption of received light. This has the
advantage that at the boundary with the lens, the Incident light "sees” no boundary and
therefore will not be reflected.

[0033] Embodiments of the present invention have been described with particular reference to
the examples illustrated. However, it will be appreciated that variations and modifications may
be made to the examples described within the scope of the present invention as defined In the
appended claims.
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Patentkrav

1.

Fremgangsmade til dannelse af en interferensundertrykt linsematrice (8), hvor
fremgangsmaden omfatter:

tilvejebringelse af en enkelt linsematricepreform (9), der har flere
individuelle linser (10, 14) eller linsestakke;

dannelse af en fgrste rende (16) mellem to tilstedende individuelle linser
eller linsestakke fra en fgrste side af matricen:

tilvejebringelse 1 den fgrste rende et lysabsorberende materiale (20) til
absorbering af optisk interferens mellem to tilstgdende individuelle linser eller
linsestakke:

dannelse af en anden rende (22) mellem to tilstedende individuelle linser
eller linsestakke fra den modsatte side af linsematricen; og

fyldning af den anden rende med lysabsorberende materiale og herdning af

det, sa en let absorberende barriere straekker sig hele vejen gennem linsematricen.

Fremgangsmaden ifglge krav 1, hvori fremgangsmaden omfatter dannelse af
renderne ved hjelp af en fremgangsmade, der er valgt fra den gruppe, der omfatter

fresning, laserablation, @®tsning, slibning og skaring.

Fremgangsmaden ifglge krav 1, hvor mere end to render dannes mellem to

tilstedende linser eller linsestakke.

Fremgangsmaden ifglge krav 3, hvori renderne (28, 30) er forskudt lateralt, men
overlapper vertikalt, sa de respektive linser eller linsestakke afskarmes helt fra
interferens fra den tilstgdende linse eller linsestak.

Fremgangsmaden ifglge krav 3, hvori renderne er justeret lateralt.

Fremgangsmaden ifglge krav 5, hvori den anden rende strekker sig ind 1 den

fgrste rende.
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Fremgangsmaden ifglge ethvert af krav 1 til 6, hvori tilvejebringelse af det
lysabsorberende materiale omfatter tilvejebringelse af et materiale, der har
hovedsageligt samme refraktionsindeks som linserne eller det optiske materiale at

selve linsestakkene.

Fremgangsmaden ifglge krav 7, hvori tilvejebringelse af det lysabsorberende
materiale omfatter tilvejebringelse af et optisk matricemateriale, der har
hovedsageligt samme refraktionsindeks som linserne eller det optiske materiale at

selve linsestakkene sammen med lysabsorberende partikler suspenderet deri.

Interferensundertrykt linsematrice (8), der omfatter:

flere optiske linser (10, 14) eller linsestakke, som er arrangeret 1 en matrice;

en optisk barriere, der er arrangeret mellem én af de flere optiske linser eller
linsestakke og en tilstgdende €n at de flere optiske linser eller linsestakke for at
absorbere interferens mellem de to tilstsdende linser eller linsestakke, hvori
matricen er lavet ved hjalp af fremgangsmaden ifglge ethvert af kravene 1 til 8;

hvort den optiske barriere strekker sig i1gennem den fulde dybde af
linsematricen; og

hvori barrieren omfatter to eller flere vertikalt arrangerede lateralt forskudte
render (28, 30), som hver er {yldt med et hardet lysabsorberende materiale, der
overlapper, sa det i kombination tilvejebringer en barriere pa tvars af hele

grensen mellem to tilstgdende linser eller linsestakke.

Linsematricen 1ifglge krav 9, hvori barrieren omfatter et lysabsorberende
materiale, der har hovedsageligt samme refraktionsindeks som linserne eller

linsestakkene 1 matricen.

Linsematricen itglge krav 9 eller 10, hvor1 det lysabsorberende materiale er en
maling eller lim, som er arrangeret mellem de to tilstgdende linser eller
linsestakke for at holde matricen sammen og blokere lystransmission mellem de

to tilstgdende linser eller linsestakke.
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