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402 providing a substrate comprising a first polymer layer sensitive to a radiation

404 providing a single mask comprising a first mask portion configured to block the
radiation and one or more second mask portions configured to allow the radiation to pass
through, wherein each second mask portion in the one or more second mask portions has
a first dimension in a first direction and a second dimension in a second direction,
wherein the second direction is different from the first direction

406 positioning the substrate and the mask relative to each other at each relative position
in a first plurality of relative positions along the first direction, wherein a distance
between adjacent relative positions in the first plurality of relative positions is equal to or
less than the first dimension of any second mask portion in the one or more second mask
portions

: wherein a distance between any two relative positions in the first plurality of :
: relative positions is equal to or less than the first dimension of any second mask :
I portion in the one or more second mask portions I
| |

408 exposing, at each respective relative position in the first plurality of relative
positions, the first polymer layer through the mask to a corresponding dose in a first
plurality of doses of the radiation, thereby producing one or more first exposed polymer
portions in the first polymer layer

410 positioning the substrate and the mask relatively to each other at each relative
position in a second plurality of relative positions along the second direction, wherein a
distance between adjacent relative positions in the second plurality of relative positions is
equal to or less than the second dimension of any second mask portion in the one or more
second mask portions

: wherein a distance between any two relative positions in the second plurality of :
: relative positions is equal to or less than the second dimension of any second mask :
| portion in the one or more second mask portions :
|

FIG. 4A
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412 exposing, at each respective relative position in the second plurality of relative
positions, the first polymer layer through the mask to a corresponding dose in a second
plurality of doses of the radiation, thereby producing one or more second exposed
polymer portions in the first polymer layer

: 414 developing the first polymer layer of the substrate such that of each overlapped or

: final exposed polymer portion, each dosed segment in the array of dosed segments is

I developed to produce a first surface at a different depth in the first polymer layer, thereby
: creating one or more patterned structures in the first polymer layer of the substrate, each

: patterned structure comprising an array of first surfaces at different depths

: 416 depositing a layer of a first reflective material on top of the one or more patterned
|
|

I~

structures

: 422 dicing the substrate to produce one or more individual chips, each comprising a
: patterned structure in the one or more patterned structures

: 424 attaching a sensor array above or under each of the one or more patterned structures,
: wherein the sensor array is configured to detect light transmitted through the optical
| array, wherein the attaching is performed prior to or subsequent to the dicing
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402 providing a substrate comprising a first polymer layer sensitive to a radiation

404 providing a single mask comprising a first mask portion configured to block the
radiation and one or more second mask portions configured to allow the radiation to pass
through, wherein each second mask portion in the one or more second mask portions has
a first dimension in a first direction and a second dimension in a second direction,
wherein the second direction is different from the first direction

602 positioning the substrate and the mask relative to each other at each relative position
in an array of relative positions, wherein a distance between two adjacent relative
positions along the first direction is equal to the first dimension of any second mask
portion in the one or more second mask portions, and a distance between two adjacent
relative positions along the second direction is equal to the second dimension of any
second mask portion in the one or more second mask portions

604 exposing, at each respective relative position in the array of relative positions, the
first polymer layer through the mask to a corresponding dose in an array of doses of the
radiation, thereby producing one or more final exposed polymer portions in the first
polymer layer, each final exposed polymer portion comprising an array of dosed
segments, wherein each dosed segment in the array of dosed segments is exposed to a
different dose of the radiation

606 developing the first polymer layer of the substrate such that of final exposed polymer :
portion, each dosed segment in the array of dosed segments is developed to produce a :
first surface at a different depth in the first polymer layer, thereby creating one or more |
patterned structures in the first polymer layer of the substrate, each patterned structure :
comprising an array of first surfaces at different depths :

FIG. 6
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802 providing a master comprising one or more patterned structures, each patterned
structure comprising an array of segments at different heights

804 creating a replica comprising a first polymer layer, wherein the first polymer layer
comprises one or more replicated structures, each replicated structure corresponding to a
patterned structure in the one or more structures of the master, each replicated structure
comprising an array of first surfaces at different depths corresponding to the array of
segments at different heights

806 depositing a layer of first reflective material on the first surfaces of each replicated
structure in the one or more replicated structures, thereby producing a first reflective
layer on the first surfaces of each replicated structure in the one or more replicated
structures

808 casting, subsequent to the depositing, a second polymer layer to the one or more
replicated structures, wherein the second polymer layer comprises a planar polymer
surface over each replicated structure in the one or more replicated structures
:planarizing, subsequent to the casting and prior to the depositing, the second i
| polymer layer casted to the one or more replicated structures, thereby producing the
: planar polymer surface over each replicated structure in the one or more replicated
| structures

810 depositing, subsequent to the casting, a layer of second reflective material on the
planar polymer surface over each replicated structure in the one or more replicated
structures, thereby producing a second reflective layer on the planar polymer surface over
each replicated structure in the one or more replicated structures

812 attaching a sensor array to the second reflective layer of each optical array, wherein
the sensor array is configured to detect light transmitted through the optical array

FIG. 8A
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1 814 manufacturing a polymer mold, wherein the polymer mold comprises one or more
: patterned mold structures in a third polymer layer, wherein each patterned mold structure

: comprises an array of mold surfaces at different depths

: 816 depositing a conductive film over the one or more patterned molded structures in the :
: third polymer layer :
I I

818 electroplating the conductive film over the one or more patterned mold structures in :
: the third polymer layer with a layer of an electroplating material, thereby producing the :
: master made of the electroplating material I

FIG. 8B
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802 providing a master comprising one or more patterned structures, each patterned
structure comprising an array of segments at different heights

804 creating a replica comprising a first polymer layer, wherein the first polymer layer
comprises one or more replicated structures, each replicated structure corresponding to a
patterned structure in the one or more structures of the master, each replicated structure
comprising an array of first surfaces at different depths corresponding to the array of
segments at different heights

806 depositing a layer of first reflective material on the first surfaces of each replicated
structure in the one or more replicated structures, thereby producing a first reflective
layer on the first surfaces of each replicated structure in the one or more replicated
structures

1002 overlaying the first polymer layer on a substrate comprising a layer of second
reflective material
I . . . .
: 1004 removing, prior to the overlaying, a residual layer from the first polymer layer :
j under each replicated structure in the one or more replicated structures I

: 814 attaching a sensor array to the substrate under each optical array, wherein the sensor
: array is configured to detect light transmitted through the optical array

FIG. 10
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1302 providing a substrate comprising a first polymer layer sensitive to a radiation

1304 providing a single mask comprising a first mask portion and one or more second
mask portion arrays, wherein the first mask portion is configured to block the radiation,
and each second mask portion array in the one or more second mask portion arrays
comprises an array of second mask portions configured to allow the radiation to pass
through, wherein each second mask portion in the array of second mask portions has a
first dimension in a first direction and a second dimension in a second direction, wherein
the second direction is different from the first direction

1306 positioning the substrate and the mask relative to each other at each relative
position in an array of relative positions, wherein a distance between two adjacent
relative positions along the first direction is equal to in the first dimension of any second
mask portion in the array of second mask portions, and a distance between two adjacent
relative positions along the second direction is equal to the second dimension of any
second mask portion in the array of second mask portions

1308 exposing, at each respective relative position in the array of relative positions, the
first polymer layer through the mask to a corresponding dose in an array of doses of the
radiation, thereby producing one or more exposed polymer portions in the first polymer
layer, wherein each exposed polymer portion comprises an array of dosed units and each
dosed unit comprises an array of dosed segments, wherein of each dosed unit, at least two
dosed segments are exposed to different doses of the radiation

: 1310 developing the first polymer layer of the substrate such that each exposed polymer
: portion produces a patterned structure, thereby creating one or more patterned structures
: in the first polymer layer of the substrate, wherein each patterned structure comprises an
| array of structure units, each structure unit comprising an array of first surfaces, wherein
: of each structure unit of each patterned structure, at least two first surfaces are at different
: depths I

FIG. 13
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1502 providing a master comprising one or more patterned structures, each patterned
structure comprising an array of structure unit, each structure unit comprising an array of
segments, wherein of each structure unit, at least two segments in the array of segments
are at different heights

1504 creating a replica comprising a first polymer layer, wherein the first polymer layer
comprises one or more replicated structures, each replicated structure corresponding to a
patterned structure in the one or more structures of the master, each replicated structure
comprising an array of replicated structure units, each replicated structure unit
comprising an array of first surfaces, wherein of each replicated structure unit, at least
two first surfaces in the array of first surfaces are at different depths

1506 depositing a layer of first reflective material on the first surfaces of each replicated
structure in the one or more replicated structures, thereby producing a first reflective
layer on the first surfaces of each replicated structure unit of each replicated structure in
the one or more replicated structures

1508 casting, subsequent to the depositing of the reflective material, a second polymer
layer to the one or more replicated structures, wherein the second polymer layer
comprises a planar polymer surface over each replicated structure in the one or more
replicated structures

I planarizing the second polymer layer casted to the one or more replicated :
: structures, thereby producing the planar polymer surface over each replicated I
| structure in the one or more replicated structures |

1510 depositing, subsequent to the casting (D), a layer of second reflective material on
the planar polymer surface over each replicated structure in the one or more replicated
structures, thereby producing a second reflective layer on the planar polymer surface over
each replicated structure in the one or more replicated structures, wherein corresponding
to each replicated structure in the one or more replicated structures, an optical array is
formed by the first reflective layer, the second reflective layer and the second polymer
layer in-between

FIG. 15
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1502 providing a master comprising one or more patterned structures, each patterned
structure comprising an array of structure unit, each structure unit comprising an array of
segments, wherein of each structure unit, at least two segments in the array of segments
are at different heights

1504 creating a replica comprising a first polymer layer, wherein the first polymer layer
comprises one or more replicated structures, each replicated structure corresponding to a
patterned structure in the one or more structures of the master, each replicated structure
comprising an array of replicated structure units, each replicated structure unit
comprising an array of first surfaces, wherein of each replicated structure unit, at least
two first surfaces in the array of first surfaces are at different depths

1506 depositing a layer of first reflective material on the first surfaces of each replicated
structure in the one or more replicated structures, thereby producing a first reflective
layer on the first surfaces of each replicated structure unit of each replicated structure in
the one or more replicated structures

1602 overlaying the first polymer layer on a substrate comprising a layer of second
reflective material, wherein corresponding to each replicated structure in the one or more
replicated structures, an optical array is formed by the first reflective layer, a second
reflective layer formed by the layer of second reflective material, and the first polymer
layer in-between

I removing, prior to the overlaying, a residual layer from the first polymer layer
i under each replicated structure in the one or more replicated structures

. ) X [
: 1604 attaching a sensor array to the substrate under each optical array, wherein the sensor |

: array is configured to detect light transmitted through the optical array :
[

FIG. 16




