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OPTICAL FILTERS COMPLEMENTARY ANGULAR BLOCKING REGIONS

FIELD

{8001] The disclosure relates to optical filters and sensors including optical filters. The disclosure

is also related to optical filters having complementary angular blocking regions.

BACKGROUND

{8662] Optical filters are cmployed in a wide variety of applications such as optica
commurication systems, optical sensors, imaging, scientific and industrial optical equipment, and
display systems. Optical filters may inchude optical lavers that manage the transmission of incident
clectromagnetic radiation, including light. Optical filters may reflect or absorb a portion of
incident light, and transndt another portion of incident fight. Optical lavers within an optical filter
may differ in wavelength selectivity, optical transmittance, optical clarity, optical haze, and index
of refraction.

{80831 There arc vanous types of optical sensors that can be used in the above applications
including silicon photosensors and also CMOS image sensors. These sensors have a spectral
sensitivity function that spans the visible and pear jofrared, and which is non-onifors: over the
range. Since an optical sensor has a broad spectral sensitivity function, ambicnt lght sources can
create optical noise and interfere with the function of the sensor. Unwanted light could come from
a mamber of ambient sources including the Sun, incandescent, LEDs, OLEDs, ¢tc. In addition to
ambient sources causing problems, light sources within an optical system containing the sensor can
cause a problem. For example, a pulse oximeter is a device that senses the oxvgenation or
deoxvgenation of the blood. These devices can have two LEDs emitting at two different
wavelengths, and two different sensors paired with the respective LEDs. In this case, light from
the first LED could interfore with the second sensor, so an optical filter that prevents a sensor from

recetving light from the wrong LED could reduce this interference.

SUMBMARY

{#004] In an cxample, the disclosure describes an example optical filter including a maior
surface. The example optical filter has a predetermined hight fransmission zone comprising angles
from 0° to a maximum light transmission angle By relative to a normal axis of the major surface.
The example optical filter has a predetermined angular fight blocking zone 85 comprising angles

from 90 - Brmex to 90°. The example optical filter includes an angle blocking layer having a first
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angular light blocking range 64 relative to the normal axis. The example optical filter includes an
interference filter adjacent the angle blocking layer. The interference filter has a second angular
light blocking range Oy relative to the normal axis. g 1s a union of 8¢ and fac. Bir and 841 at Jeast
partially overlap.

{0005] In ao example, the disclosure describes an example optical filter including an
interferenice filter having an incidence angle-dependent reflection band. The example optical filler
inchudes an absorbing laver having an absorption band. The incidence angle-dependent reflection
band and the absorption band overlap at at least one wavelength at at least ong angle of incidence.
{36061 The details of one or more aspects of the invention arc set forth in the accompanying
drawings and the description below. Other features, objects, and advantages of the invention will

be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

{8007] The foregoing and other aspects of this invention are made more evident in the following
Detailed Description, when read in conjunction with the attached Figures.

{8008] FIGS. 1A and 1B arc charts illustrating the angular transmission of example angle
blocking layers.

{00091 FIG. 1C is a conceplual ilustration of the band shift of an example interference filter with
a change in incidence angle.

{00107 FIGS. 2A and 2B are conceptual and schematic lateral cross-sectional views of an example
article including a recessed structure.

{0011] FIG. 2C is a conceptual and schematic lateral cross-sectional view of an example article
including a recessed structure and an interference filter.

{8012] FIG. 2D is a conceptnal and schematic lateral cross-sectional view of the reduction in
thickness of an article including a recessed strocture and an interference filter cornpared 1o an
article including only a recessed structure.

{0013] FIGS. 3A, 3B, and 3C are charts dllustrating the teansmission spectra of exaraple absotbing
{avers.

{8014] FIGS. 4A and 4B arc schematic and conceptual exploded cross-sectional views of example
optical filters inchuding an angle blocking layer, an interference filter, and an absothing laver.
{#018] FIG. 4C i1s a schematic and conceptual exploded cross-sectional view of an example
optical filter including an angle blocking layer, and having an inclined pass 7one.

{8016] FIG. 4D is a schematic and conceptual exploded cross-sectional view of an example
optical filter including an angle blocking laver, and an interference filter, and having an inclined

pass zone defined by an extended block zone,
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{8017] FIG. 5A is a schematic and conceptual illustration of the angular transmission and
blocking by the example optical filter of 4A.

{8018] FIG. 5B is a schematic and conceptual lhustration of the angular transmission and
blocking by the example optical filter of FIG. 5A.

{8019] FIG. 53C 15 a schematic and conceptual dhstration of the angular transmission and
blocking by an example optical filter.

{8628] FIG. 6A is a conceptual illustration of the band shift with a change in incidence angle of
an example optical inchiding an interference filter and an absorbing layer.

{3621} FIG. 6B 15 a photograph comparing light transmission and blocking by a multilayer optical
film interference filter, a dyve filter, and an article inchiding a combination of the multilaver optical
film interference filter and the dye filter.

{8022] FIG. 7A is a chart illustrating the fransmission spectrum of the example multilaver optical
filo interference filter of FIG. 6B.

{8023] FIG. 7B is a chant illustrating the transmission spectrum of the absorbing layer of FIG. 6B,
180241 FIG. 7C is a chan illustrating the transmission spectrum of an example optical filter
including the interforence filier of FIG. 7A and the absorbing laver of FIG. 7B,

{80258] FIG. %A is a chart itlustrating the transmission spectrum of an exanmpie multilayer optical
film interference filter.

{8026] FIG. 8B is a chart ithustrating the transmission spectrum of an example absorbing layer.
{00271 FIG. 8C is a chart illustrating the transmission spectrum of an example optical filter
includmg the interference filter of FIG. 8A and the absorbing layer of FIG. 8B.

{00281 FIG. 9 15 a schematic and conceptual diagram iflustrating an example system including an
optical filter, a source, a sensor, and a reflector,

{80297 Tt should be understood that features of certain Figures of this disclosure may not
necessanty be drawn to scale, and that the Figures present non-exclusive examples of the

techniques disclosed herein

BETAILED DESCRIPTION
{8638] Optical filtcrs may be used to change the spectrum of reflecied or transmitted light. For
example, multilayer optical fitms (MOFs) may be used 1o optical filters. MOFs can be made using
multilayver thin film technigues, and, the wavelength range and other optical propertics of MOFs
may be a function of the range of thicknesses and refractive indices of the layers. Optical filters
may also be used to control angles along which light of predetermined wavelengths are transmitted

or reflected.

3
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{6031] Variations in wavelength of the position of the band edge of a MOF reflecting band, for
example, of a MOF interference filter, may lead to visnally detectable optical artifacts as the
incidence angle or viewing angle is changed. For example, minor caliper variations cspecially at
the angle of transition between the pass and extinction zones of an optical filter including an
interference filter may be detectable, detracting from a visually uniform transition between
blocking and transmitting angles.

{8632] Such a variation may be mitigated by combining an angle limiting clernent, for example, a
structured surface film. Structured surfaces, for example prismatic {ilms. may achieve sharp
fransitions from pass to block, but may leak light at other angles which may be on the other side of
the biock zone. Even prismatic films with a minimal amount of leakage at high angles of incidence
may exhibit visible light leakage. Further, prismatic {ilms that have a minimal high angle light
emission may require that the transition angle from pass to block be designed farther away from
normal incidence than may be desired for a particular application. Additionally, a prismatic film
may function best along angles transverse 1o the axis of the prisms, and not very well along the
orthoponal plase. When used alone, prismatic fdms may exhibit a metallic appearance under
certain conditions. Thus, while prismatic films may exhibit relatively sharp transitions from pass
to block angles, they may not block a single contmous zone that encompasses high angles.

{6033] Combining an interference filter with an angle hmiting clement in an optical filter may
overcome their respective limitations. For example, interference filters may effectively block hght
transmission at high angles that angle limiting elements may not block, while angle limiting
elements may mitigate the band edge variations exhibited by interference filters.

{0034] Example optical filters according to the disclosure may limit the angular extent of light
from a narrow wavelength source to a detector. In some examples, example optical filters may
control the angular intensity distribution of light within a predetermined wavelength band. In
some examples, example optical filters may include an interference filter, for example, a MOF
interference filter, and an angle imiting element, for example, an angle blocking laver. The angle
blocking laver mayv be refractive or physically block light at predetermined angles by optical
phenomena, for example, absorption. The interference filter and the angle blocking laver may
have complementary angular blocking regions. For example, the interference filter may block
fransmission of lght in a first range of incidence angles relative to a normal, while the angle
blocking layer may block transmission of hight in a second range of incidence angles relative to the
normal. At least some angles not blocked by one of the interference filter and the angle blocking
{ayer may be blacked by the other of the interference filter and the angle blocking layer. Insome
examples, at least one angle blocked by the interference filter mayv also be blocked by the angle

blocking layer. In some example, one or both of the first range of angles blocked by the
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interference filter and the second range of angles blocked by the angle blocking clement may
depend on the wavelength of light.

{8035] The optical propertics of angle blocking lavers and interferonce filters for use in example
optical filters according to the disclosure are discussed below with reference to FIGS. 1A-1C.
{8036] FIGS. 1A and 1B arc charts ilustrating the angular transmission of example angle
blocking layers. FIG. 1A is a chant illustrating the transmission light distribution pattern for an
example angle blocking layer including a 3M Optical Lighting Film (3M, Saint Paul, MN)
inchding a predelermined prism structare on one side and a smooth surface on the other side. The
example angle blocking layer of FIG. 1A has a lght emission or transmission zoge ABN about the
normal, extending to about 30° from the normal, which cuts off beyond about 30° to block hght
fransmission bevond about 35°. The cut-off angle is denoted by the linc AB. However, at angles
greater than about 60 degrees, light is again transmiticd. The range of angles of extinction or
blocking are included in the zone ABC, or from about 35° t0 60°. Thus, the example angle
blocking layer of FIG. 1A exhdbits light leakage in the zone CBD.

{80371 FIG. 1B is a chant illustrating the transmission light distribution pattern for an example
angle blocking layer including a 3M Transmissive Right Aagle Filox (TRAF) 3M, Saint Paul,
MMN). The example angle blocking layer of FIG. 1B, shows a blockiag zone similar to that of FIG.
LA, with hght transmission in the AIBIN zone, followed by blocking in the C1BIAL zone,
followed by high angle hight leakage in the DIBICI zone.

{00381 As discussed with reference to example optical articles, interference filters may be used to
block light leakage exhibited by angle blocking layers, for cxample, light lealage at high angles.
{80391 FIG. 1C is a conceptual illustration of the band shift exhibited by an example interference
filter with a change in incidence angle. Inferference filters may be spectrally selective, having a
transmissive wavelength range and a reflective (or blocking) wavelength range. The transition
between these two ranges is a “band edge”. The reflective band will shift {6 shorter wavelengths
as the incidence angle of light changes from normal to oblique. This property of interference
filters may be used to lumit the angular range of light of predetermined wavelengths emitting from
a source of being received by a sensor. At normal incidence, a band edge of a refiection band in
the transmission spectrurn of nterference filter is at a longer wavelength than a predeterrained
commurication wavelength, but close enough so that 1t will eclipse the communication wavelength
at an inlended obligue angle of incidence. For example, the interference filter rnay have a band
edge positioned from 10-100nm higher than the LED communication wavelength at normal
incidence. At oblique incidence angles, the reflection band shifts to shorter wavelengths and

blocks the communication wavelength, The result is a conical reception angle,

(v
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{0040] Example optical articles according to the disclosure may utilizing such angle shifting of
the interference filter in combination with the angle blocking zones of angle sclective clements,
with cach blocking complementary angular zones.

{0041] Example optical artticles according to the disclosure may be used to arrive at a thinoer
system that blocks an angular range that normally would bave required a thicker system. For
example, as described with reference to FIGS. 2A and 2B, angle hmiting clements based on
recesses where physical walls geometrically it the angle of transmission may be used.

{8042] FIGS. 2A and 2B arc conceptual and schematic fateral cross-sectional views of an example
article including a recessed structure wall.  Example article 1a shown 1o FIG. 2A inchides an
angle blocking layer 12a having a recessed structure wall 13a having a characteristic dimension
L1. Recessed structure wall 13a may be a wall of a recessed structure having a polygonal, circular,
ellipsoidal, or other cross section, for example, a recessed cvlindrical walled structure. Recessed
structure wall 13a allows transmission of an incident light 14a from a source 16 withina
transmission angle of o, and physically or optically blocks light beyond the transmission angle o
Source 16 may mchude light sources such as guided or ambient ight, sualight, LEDs, lasers,
incandescent Light, fluorescent lights, compact flucrescent fights, or other ditect or todirect sources
of light. The magnitude of the transmission angle oy is related 1o the characteristic dimengion Ly,
When L, 1s lowered, o increases. For exarnple, example atticle 1b shown ip FIG. 2B nclades an
angle blocking layer 12b having a recessed wall 13b having a characteristic dimension L, that is
lesser than L:. Consequently, a fransmission angle o exhibited by example article 1b is wider than
a1, Therefore, for achieving a relatively narrower transmission angle, for example, q:, a relatively
higher characteristic dimension of the recessed structure wall, for example, L, of recessed structure
wall 13a, may be required. However, increasing the characternistic dimensions of recessed
structures will lead to an increasc in the thickness of article 1a, which may not be desirable.

{8043} FIG. 2C 15 a conceptual and schematic lateral cross-sectional view of an example aricle 10
including the angle blocking laver 12b having the recessed structure wall 13 and an interference
filter 18. The recessed structure wall 13b having the shoter charactenistic dimension L; (compared
1o L1 of recessed structure wall 13a) blocks higher light angles (beyond o), while interference
filter 18 blocks lower transmission angles for example, between o) and o, effectively narrowing
the transmission angle to o, Thus, cxample article 10 may be as thin as article 1b, whike providing
the narrower transmission angle oy associated with the thicker article 1a, instead of the wider
fransmission angle oy associated with article 1b.

{8044] FIG. 2D is a conceptual and schematic lateral cross-sectional view of the reduction in
thickness of an article inchuding the recessed structure wall 13b having lower characteristic

dimension L, and the interference filter 18, In contrast, an article including only the recessed
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structure wall 13a has the higher characteristic dimension L, for achieving similar fransmission
angles of light to a sensor 20 on a substrate {9.

{8045] In some examples, example optical filters mayv include a spectrally selective absorber
having a compicmentary wavelength blocking range to the interference filier. For example,
wavelengths that are not blocked by one of the spectrally selective absotber and the interference
filter may be blocked by the other of the interference filter and the spectrally selective absorber.
Spectrally selective absorbers may include dyed PET films, or “gel filicrs™ which may have sharp
absorption spectra.

{8046] FIGS. 3A, 3B, and 3C are charts tllustrating the transmission spectra of exaraple absotbing
lavers. FIG. 3A is a chart illustrating the transmission spectrum of an example absorbing laver
including a red dved PET film. The film exhibits a spectrally sharp cut-off, between 500 and
600nm. FIG. 3B is a chart iHlustrating the transmission spectrum of an example absorbing layer
including a dark vellow greendyed PET film. FIG. 3C is a chart dlustrating the transmission
spectrum of an example absorbing laver including a blue dyed PET film. The films of FIGS. 3B
and 3C exhibit a spectral leak, which can vary from 20-60% in {ransmussion intensity and can be
positioned at different wavelengths 1o the visible spectrum.

{00471 Example optical filters according to the disclosure may optionally include an absotbing
layer, in addition to an interference filter and an angle blocking layer, as described with reference
o the example optical filters of FIGS. 4A and 4B. FIGS. 4A and 4B arc schematic and conceptaal
exploded cross-sectional views of example optical filters including an angle blocking layer, an
interference filter, and an absorbing layer.

{0048] Example optical filter 10a of FIG. 4A includes an angle blocking layer 12 and an
interference filter 18a for selectively transmitting light from source 16. Angle blocking layer 12
may include angle limiting or selective elements or other angle limiting features, for example, a
plurality of angle limiting features 21 including one or more of recessed walls, prisms, Fresnel
structures, Fresnel rings, recesses, louvers, chaonels, or microreplicated features. In some
examples, the louvers may include faces that are normal, or substantially perpendicular, o a major
surface of angle blocking layer 12, The phurality of angle hmiting features 21 may include one or
more of substantially uniform features, syrmetric features, asymrnetric featores, lines or grooves
of features, or arrays of features. In some examples, angle blocking layer 12 may inclode plurality
of angle limiting features 21 disposed on a refractive substrate. For example, the refractive
substrate may include a turning film, a brightness enhancing film, or a microstructure optical film,
In some cxamples, plurality of angle limiting features 21 may include a first subplurality of angle
limiting features that limit light angles in a first plane, and a sccond subplurality of angle imiting

features that limit light angles in a second plane. For example, the sccond planc may be
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orthogonal to the first plane. In some examples, the first and second subpluralitics of angle
limiting features may effectively act to restrict light within asymumetric light distributions, for
example, an clliptical light pattern. In some examples, angle blocking laver 12 may include a
prismatic filis, as shown in FIG. 4A. Angle blocking layer 12 may exhibit a transmission zone
centered about normal incidence, and an off-axis block zone, followed by a high angle
fransimission zone, for example, as described with reference to FIGS. 1A and IB. In the
fransimission zones, all visible wavelengihs may be transmitted.

{8049] In some examples, mterference filter 18a may nclude a MOF, for example, a birefringent
MOF. Insome examples, interference filter 18a may inchude an isotropic film, for example 3M
Condor Film (3M, Saint Paul, MN)}, or a film formed by vapor deposition or supttering. In some
cxamples, the MOF may act as a colored mirror, reflecting selected wavelengths, and transmitting
sclected wavelengths. In some examples, interference filter 18a may reflect light in a 600~-9001m
band at normal incidence, which shifts to shorter wavelengths off-axis or at oblique angles, for
example, as discussed with reference to FIG. 1C. For example, band edge positions may shift to
about 80% of their normal incidence value at an angle of about 60 degrees.

{00501 In somiec examples, optical filter 10a may optionally include an absorbing laver 20a. In
some examples, absorbing layer 20a may include a spectrally selective absorber. In some
examples, as shown in FIG. 4 A, interference filter 18a may be disposed between absorbing layver
202 and angle blocking layver 12. In some examples, absorbing layer 20a may only allow
transmission of a predetermined wavelength band, for example, transmussion of 325-375nm, and
absorb or otherwise block other wavelengths. In some exarmples, the transmission band of
absorbing laver 20 may not be angularly shifting or otherwise angle-dependent. For example, the
only light in the transmission band that reaches absorbing laver 20a may be within a limited cong
angle centered around normal incidence, and the only light emitted from absorbing laver 20a may
be green (or another predeteraiined color assaciated with a predetermined wavelength band), and
of a hmited angular extent. Light outside this wavelength range is absorbed.

{8051] In some examples, optical filter 10a may operate across a predeterained wavelength band,
for example, inchiding visible wavelengths (for example, between about 400 and about 700 nm),
wltraviolet wavelengths (for example, less than about 400 nmy). and infrared and near-infrared
wavelengths (for example, batween about 760 and about 2000 nmy}.

{8632] The optical properties of optical filter 10a may be tuned by changing the propertics of one
or both of interference filter 18a, and absorbing layer 20a, without needing to change angle
blocking laver 12. For example, optical filter 10b of FIG. 4B includes the angle blocking layer 12
and an interference filter 18b. Interference filter 18b may pass light i a 400-700nm band at

normal incidence, pass fight in a 400-630nm at an oblique angle, and reflect ight tn a 630-700nm
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band at oblique angles. Absorbing laver 20b may pass light in a angle-independent band of 630-
T00nm. Thus, while example optical filter 10a of FIG, 4A may be a green transmitting stack,
example optical filtcr 10b of FIG. 4B may be a red transmitting stack. Thus, optical propertics of
example optical filtors according to the disclosure may be changed without having to
remanufacture or procure new batches of angle blocking layers 12, that may be expensive, by
instead relatively inexpensively changing interference filters or absorbing layers.

{36331 In some cxamples. the pass zone may be defined about an axis normal or substantially
perpendicular to a major surface of an optical article, for example, as shown in FIGS. 4A and 4B.
However, in other exaraples, the pass zone may be defined about a non-perpendicular axis, for
example, an inclined axis between about 1 degrees and less than about 90 degrees. FIG. 4C isa
schematic and conceptual exploded cross-sectional view of an example optical filter 10¢ including
an angle blocking layer 12a, and having an inclined pass zone. For exanple, the pass zone may be
defined about an inclined axis 23a, as shown in FIG. 4C. Angle blocking layer 12a mav include a
plurality of angle limiting features 2 1a configured to define an inclined pass zone, for exarmple, an
inclined pass or trapsmission cane. o some examples, the plurality of angle imiting features 21a
may inchide features described with respect to the plurality of angle Bmiting features 21 of FIG.
44 Insome examples, the plurality of angle limiting features 21a may include louvers that arc
non-perpendicular, inclined, or tilted so that the transmission or pass zone 1s defined about inclined
axis 233, as shown in FIG. 4C.

{00541 FIG. 4D is a schematic and conceptual exploded cross-sectional view of an example
optical filter 10d including angle blocking layer 12¢, and imterference filter 184, and having an
inclined pass zone defined by an extended block zone, about an inclined axis 23b. The extended
block zone includes a block zone resulting from interference filter 18a, in addition to the block
zone resulting from the plurality of angle limiting features 21, for example, including tilted louvers
strailar to those 1o FIG $c.

{0035] The optical transmission and blocking properties of optical filter 10a of FIG. 4A may be
understood with reference to FIG. 5A. FIG. SA 1s a schematic and conceptual ithustration of the
angular transmission and blocking of light from source 16 by example optical filter 10a of 4A.
The light distrbution patiern 1s shown at the top portion of the figure. There is a central zone, or
pass zone 22, where green light is transmuitted. Line AB denotes a transition angle from pass to
block which s provided for by angle blocking laver 12. Line AC denotes the angle at which the
reflecting band of interference filter 18a has shifted sufficiently to {(combined with the absorbing
aver 20a), block light. Line AD denotes the angle at which angle blocking layer 12 begins to
transmit light again, which is then blocked by the combination of interference filier 18a and

absorber layer 20a. The angular zone denoted by DAB mayv provide a buffer zone for interference
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filter 18a (including arcas having manufacturing caliper variations) to shift into position that may
not be visually detectable. This buffer zone may thus prevent perception of a non-uniformity
arising from interference filter 18a as the band edge encroaches into the transmission zone. FIG.
5B is a schematic and conceptual illustration of the angular transmission and blocking by optical
filter 10a of FIG. SA. 8yr1s the angular range blocked by interference filter 18a. 04y, is the angular
range blocked by angle blocking layer 12, O1mnsis the balf-angle angular transmission range,
relative to a normal axis to a major surface of optical filter 16a. Thus, pass zone 22 exiends about
the normal axis, in a cone defined by the half-angle 8ynn. Half-angle 61y may extend to a
maxinmum transmission angle Grma. telative to the normal axis of a major surface 17 of optical filter
10a.

{8036] While optical filter 10a inchudes angle blocking layer 12 between interference filter 18a
and source 16, in some exampiles, interference filter 18a may face source 16, and angle blocking
{ayer 12 may be disposed away from source 16. FIG. 5C is a schematic and conceptual ilfustration
of the angular transmission and blocking by an example optical filter 104 in which interference
filter 18a faces source 16.

{80571 In sonx examples, optical filier 103 includes major surface 17, Optical filier 10a may
have a predetermined ight transmission zone comprising angles from 0° to a maxioum light
transinission angle Grma relative to a normal axis of major surface 17. Optical filter 10a may have
a predetermined angular light blocking zone 8z 1ncluding angles from 90 - Brpax to 90°. Insome
examples, optical filter 10a includes angle blocking layer 12 having a first angular light blocking
range Gar relative to the normal axis. In some examples, optical fitler 10a includes interference
filter 18a adjacent angle blocking layer 12. The interference filter may have a second angular light
blocking range 6 relative to the normal axis. Op is a union of 8 and 641, For example, Op
includes all angles that belong to either 8w or 84, Insome examples, 8y and 84;, at loast partially
overlap. For cxample, at least one angle or a range of angles may belongto both G and 84, In
some examples, at least one angle in B4 1s greater than one angle ia 6¢. 1o some examples, at
least onc angle in Oy 1s greater than one angle 84y In some examples, one or both of Oy and 84,
arc wavelength-dependent. For example, at least one angle 1 one ¢r both of 6w and 8.4 may
increase or decrease when the wavelength of incident hight increases or decreases. In some
examples, interference filler 183 may inclode one or both of a birefringent multilaver optical film
or an isotropic filim. In some examples, angle blocking layer 12 may inclade a plurality of angle
limiting features 21. In some examples, the plurality of angle limiting features 21 includes one or
more of prisms, Fresnel structures, Fresnel rings, recesses, louvers, channels, or microreplicated

catures,
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{8058] In some examples, the plurality of angle limiting features 21 may have a characteristic
dimension, and 841 may have a predetermined relationship with the characteristic dimension. For
example, 841 may narrow when the charactenistic dimension increases, and broaden when the
chamcteristic dimension decreases. For example, 841 mayv be narrower when the characteristic
dimension is smaller. In some examples, angle blocking laver 12 mayv include one orbothof a
tuering film or a brightness enhancing film. In some examples, angle blocking layer 12 may have
a predetermined hght leakage angular transmission 7one. In some examples. mnterference filter {8a
may have a characteristic ranstnission spectrunt comprising a reflection band, whercin the
refiection band has a band edge that shifts lower when an angle of incidence is reduced. In some
cxamples, the reflection band of interference filter 18a may include a wavelength transmitied
through a predetermined light leakage angular transmission zone of angle blocking layer 12.
{8039] In some cxamples, optical filter 183 may include a wavelength selective or spectrally
scloctive absorber. In some examples, the spectrally selective absorber may include a dye ora
pigment that absobs predetermined wavelengths. Tn some cxamples, interference filter 18a may
include the wavelength selective absorber. In some oxamples, angle blocking layer 12 includes the
wavelength sclective absotber.

[0060] In some examples, optical filter 18a may include absorbing layer 20a inchuding the
wavelength sclective absorber. In somk examples, absorbing layer 20a may be between
interference filter 18a and angle blocking layer 12. In some examples, interference filter 18a may
be between absorbing layer 20a and angle blocking layer 12. In some examples, angle blocking
layer 12 may be between the absorbing layer and the interference filter.

{00611 In some examples, optical filter 10a may not include a separate angle blocking layer 12,
and may instead include interference filter 18a and absorbing layer 20a. FIG. 6A is a conceptual
illustration of the band shift with a change in incidence angle of an example optical including an
interference filter and an absorbing layer. As shown 1o FIG. 6 A, a transmissive bandpass between
an absorbing band of absotbing layer 20a and a reflection band of interference filter 1%a may have
a width Ak at pormal incidence. As the angle of incidence increases, ane or both of the respective
bands may shift, for example, a downshift of the reflection band of mterference filter 18a.
eventaally closing the band gap. FIG. 6B is a photograph comparing high! transmission and
blocking by an miterference filter including a MOF, an absorbing layer including a dye, and an
article including a combination of the interference filter and the absotbing layer. As shown in FIG.
6B, the combination substantially blocks the transmission of light, cven though the absorbing layver
and the intederence filter individually transmit at least some light,

{8062] The spectral propertics of the example article of FIG. 6B may be understood with

reference to FIGS. 7A-7C. FIG. 7A is a chart illustrating the transmission spectrum of the

I
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example nwltilayer optical film interference filter of FIG. 6B. FIG. 7B is a chart illustrating the
transmission spectrum of the absorbing layer of FIG. 6B. FIG. 7C is a chart dlustrating the
transmission spectrun of an example optical filicr including the mterference filter of FIG. 7A and
the absorbing layer of FIG. 7B. As shown in FIG. 7C, combining the interfercnce filter and the
absorbing laver results in a notch filier at normal incidence at about 640nm. As another exanple,
FIGS. 8A-8C illustrate the spectral propertics of an example green angle selective optical filter,
FIG. 8A is a chart illustrating the transmission spectrum of an example multlayer optical film
interference filter, at different angles, showing the angle shift. FIG. 8B is a chart lustrating the
fransinission spectrum of an example absorbing layer. FIG. 8C is a chast ithustrating the
fransmission spectrum of an example optical filter including the interference filter of FIG. 8A and
the absorbing laver of FIG. 8B. As shown in FIG. 8C, combining the interference filter of FI(G. 8A
and the absorbing layer of FIG. 8B results in transmission of green at normal incidence, and
extinction of green at oblique angles.

{8063] In some cxamples, angle blocking laver 12 mayv include both a plunality of angle blocking
features and a spectrally selective absorber. 1n some examples. angle blocking laver 12 may
inclode only one of the plurality of angle limiting features or the spectrally selective absorber. For
example, absorbing layer 20a may replace angle blockiong layer 12.

{00641 In some examples, optical filter 18a may include interference filter 12 having an incidence
angle-dependent reflection band, and absorbing layver 2¢a baving an absorption band, wherein the
incidence angle~dependent reflection band and the absorption band overlap at at least one
wavelength at at least one angle of incidence. In some examples, interference filter 18a may have
a characteristic transmission spectmim including the incidence angle-dependent reflection band.
For example, the angle-dependent reflection band may have a band edge that shifts lower when an
angle of incidence is reduced. In some examples, the angle~-dependent reflection band of
interference filter 18a inchudes a wavelength transmitied by absorbing laver 20a. In some
examples, interference filter 18a may include a wavelength sclective absorber. In some examples,
absorbing laver 18a may unclude a wavelength selective absorber.

{8665] Example optical filters according to the disclosure may be used in systems where it 18
desirable to Hmit angles of hght. FIG. 9 is a schematic and conceptual diagram illostrating an
example systern 30 inclading optical filter 10a, source 16, sensor 20, and a reflector 31, While in
some examples, system 30 may inclade all of source 16, sensor 20, and reflector 31, as shown in
FIG. 9, in other examples, system 30 may include only one or two of source 16, sensor 20, or
reflector 31.

{8066] While svstem 30 may include onc or more of optical filter 10a, source 16, or sensor 20, in

some examples, svstem 30 may include any optical filter, source, or sensor according to the
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disclosure. For example, systerm 30 may include one or more of a narrow wavelength light source,
a visible source, an ultraviolet source, or a near infrared or infrared source, an LED, a laser, or
other suitable wavelength sources. In some examples, the source may exhibit a spectral spike of
FWHM < 40nm. A particular svstem for sensing and communications mayv include a specific
comomnication wavelength, For example, the source may include a mooo wavelength LED such
as a green, red, or near IR LED that can have emission around 20nm full width half max. o some
examples, system 30 may include more than oge type of LED emitting at more than one
wavelength.

{8667] Systern 30 may inchide one or more of a visible light sensor, ultraviolet sensor, near
infrared or infrared sensor, a broadband sensor, a narrowband sensor, LIDAR sensor, CMOS
SCNSOY, Proximity sensor, gesture Sensoer, camera sensor, an irage sensor, a CCD sensor, a time of
flight sensor, an iris scanner, or other sensors.

{8068] In some cxamples, system 30 may include sensor 20 and optical filter 10a. Optical filter
10a may limit the angle of light received by sensor 20. For example, optical filter 10a may block
light from noise sources that may transouit light at angles beyond a pass or tragsmission zone. In
some examples, system 30 may inclade sensar 20, optical filter 10a, and source (6.

{00691 In some examples, systera 30 may include reflector 31, Reflector 31 may define onc or
more of a specular reflecting surface, a diffuse reflecting swrface, or a retroreflective surface. For
example, reflector 31 may inchude a reflective layer, or a reflecting body or object. While tn the
example configuration of system 30 shown in FIG. 9, reflector 31 is disposed adjacent sensor 20
and opposite sowrce 16, in other examples, reflector 31 may be located at any suitable location.
For example, sensor 20 and source may both be disposed opposite reflector 31 across optical filter
10a, so that reflector 31 reflects hight from source 16 to sensor 20. In some examples, system 30
may not include sensor 20, and reflector 31 may reflect light from source 16 across optical filter
10a. In some examples, system 30 may include neither reflector 31 and optical filter 10a, and
reflector 31 may reflect ambient light across optical filter 1¢a.

{00701 In some examples, systen: 30 may inclode source 16 and optical filter 10a. Tn some
examples, system 30 may hmit the eraission angle emitted by source 16 for privacy or for
crgonormic reasons.  For exarnple, system 30 may reduce glare directed towards a car driver from
a stop light or a brake light. Example optical articles, for example, optical filter 10a, may be nsed
in example systems 30, for example, including vehicle display systerns where intesior glare control
is needed, as a privacy feature for displays such as avtomatic teller machines, as a traffic control
film for traffic signals, or in a centor high mounted stop lamp (CHIMSL).

{8071] Thus, example optical filters according to the disclosure may be used to achicve light

distribution patierns that have sharp transitions from a color {such as red or green) to black as a
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function of angle, and which can maintain extinction of light even at high angles of incidence and
all azimonthal angles. Such light distribution patterns may not be possible using only structured
surfaces or other articles. Example optical filters according to the disclosure may cxhibitf onc or
more of the following propertics: 1) a single continnous pass zone and a single continuous block
zone for light of predetermined wavelengths; 2) a conical transmission pattern of predetermined
cone angle; 3) extinction or blocking at high angles of incidence; 43 a shamp transition from the
pass to the block zone; 3) uniformuty in appearance over a large area even at the transition angle;
6) No to low shift in perceived hue over the ransition from pass to block; 7) good performance in
a plane transverse to the prism axis. Example optical filters according to the disclosure may be
prepared by combining existing commercial products to tune optical properties, leading fo reduced
manufacturing cost.

{8072] Various examples of the invention have been described. These and other examples arc

within the scope of the following claims.

14
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CLAIMS:

i. An optical filter comprising:

a major surface, wherein the optical filter bas a predetermined fight transmission zone
comprising angles from 0 to a maximum light transmdssion angle Grwe relative (o a normal axis of
the major sarface, wherein the optical filter has a predetermined angular lght blocking zone 65
comprising angles from 90 - Bpypa to 907,

an angle blocking laver having a first angular light blocking range 84: relative to the
normal axis; and

an interference filter adjacent the angle blocking layer, wherein the interference filter has a
sccond angular light blocking range 6 relative to the normal axis, wherein Og is a union of O and

81, wherein 8r and aw at least partially overlap.

2. The optical filter of claim 1, wherein at least one angle in 8, is greater than one angle in
QHK

3. The optical filter of claim 1 or 2, wherein at least one angle in Oy 15 greater than one angle
in far.

4. The optical filter of any one of claims 1 to 3, wherein one or both of 8r and 84 are

wavelength-dependent.

3. The optical filter of any one of claims 1 to 4, wherein the interference filter comprises one

or both of a birefringent muitilayer optical film or an isotropic film.

6. The optical fiter of any one of claims | to 5, wherein the angle blockiog layer comprises a

plurality of angle luniting features.

7. The optical filter of claim 6, whercin the phlurality of angle limiting features comprises one
or more of prisms, Fresoel structores, Fresuel rings, recesses, louvers, channels, or microreplicated
features.

3. The optical filter of claims 6 or 7, wherein the plurality of angle limiting features has a
characteristic dimension, and wherein 0aL has a predetenmined relationship with the characteristic

dirnension.
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9. The optical filter of claim 8, wherein 841 is narrower when the characteristic dimension is
smalier.
10. The optical filter of any one of claims 6 t0 9, wherein the angle blocking layer comprises

one or both of a turning film or a bughtoess enbaocing film.

1t. The optical filter of any one of claims 1 to 18, wherein the angle blocking layer has a

predetermined light leakage angular transmission zone,

12. The optical filter of any one of claims 1 to 10, wherein the interference filter has a
characteristic transnussion spectram comprising a reflection band, wherein the reflection band has

a band cdge that shifts to lower wavelengths when an angle of incidence is reduced.

13. The optical filter of claim 12, wherein the reflection band of the interference filter inchides
a wavelength transmitted through a predeterovined light leakage angular trapsmission zane of the

angle blocking layer,

14 The optical filier of any onc of claims 1 to 13, further comprising a wavelength sclective
absotber.
15. The optical filter of claim 14, wherein the interference filter comprises the wavelength

selective absorber.

16. The optical filter of claim 14, wherein the angle blocking layer comprises the wavelength

selective absorber,

17. The optical fiter of claim 14, further comprising an abscrbing layer comprising the

wavelength selective absorber.

18 The optical filter of claim 17, wherein the absorbing layer 1s between the interference filter

and the angle blocking layer.

19. The optical filter of claim 17, whercin the interference filier is between the absorbing layer

and the angle blocking layer.
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20. The optical filter of claimy 17, wherein the angle blocking laver is betwoen the absorbing

{ayer and the interference filter.

21. An optical filter comprising:

an interference filter having an incidence angle-dependent reflection band; and

an absorbing layer having an absorption band, wherein the incidence angle-dependent
refiection band and the absorption band overlap at at least one wavelength at at least one angle of

incidence.

22. The optical filter of claim 21, wherein the interference filter comprises one orbothof a

birefringent multilaver optical film or an isotropic film.

23 The optical filter of claims 21 or 22, wherein the interfercnce filter has a characteristic
fransmission spectrum comprising the incidence angle-dependent reflection band, wherein the
angle-dependent reflection band has a band edge that shifts lower when an angle of incidence is

reduced.

24. The optical filier of claim 23, wherein the angle-dependent reflection band of the

interference filier includes a wavelength transmitied by the absotbing layer.

25. The optical filter of any one of claims 21 fo 24, wherein the interference filter comprises a
wavelength sclective absorber.
26. The optical filter of any one of claims 21 fo 25, wherein the absorbing laver comprises a

wavelength selective absorber.

27. The optical fiter of any one of claums 21 to 26, further comprising an angle blocking
layer.
28. A gystem comprising:

a sensor; and

an optical filter of any one of claims | to 27.

29, The svstem of claim 28, further comprising a light source.

s
=
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30. The system of any onc of claims 28 and 29, further comprising a reflector, wherein the
reflector defines onc or more of a specular reflecting surface, a diffuse reflecting surface, or a

retrorcflective surface.

3t A system comprising:
a light sonrce; and

an optical filter of any one of claims | to 27.

(3

2. The system of claim 31, further comprising a reflector, wherein the reflector defines one or

more of a specular reflecting surface, a diffuse reflecting surface, or a retroreflective surface.

33. A system corprising:
a reflector, wherein the reflector defines one or more of a specular reflecting surdface, a
diffuse reflecting surface, or a retroreflective surface; and

an aptical filter of agy one of claims 1 to 27.

18
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to such an extent that no meaningful international search can be carried out, specifically:

3. [0 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 multiple inventions in this international application, as follows:

Please refer to Supplemental Box (Continuation of Box No. Il1).

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

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

3. O Asonly 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. [X]I 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.:

1-20 and 28-33

Remark on Protest [] The additional search fees were accompanied by the applicant's protest and, where
applicable, the payment of a protest fee.

[0 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.

[0 No protest accompanied the payment of additional search fees.
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This International Searching Authority found multiple inventions in this international application, as follows:

Group 1: Claims 1-20 (in full) and claims 28-33 (in part) relate to an optical filter comprising a major surface having
a normal axis, an angle blocking layer having a first angular light blocking range relative to the normal axis, and an
interference filter adjacent the angle blocking layer having a second angular light blocking range relative to the
normal axis, wherein the optical filer has a predetermined light transmission zone and a predetermined angular light
blocking zone, and a system comprising the optical filter thereof;

Group 2: Claims 21-27 (in full) and claims 28-33 (in part) relate to an optical filter comprising an interference filter
having an incidence angle-dependent reflection band, and an absorbing layer having an absorption band, wherein
the incidence angle-dependent reflection band and the absorption band overlap at at least one wavelength at at
least one angle of incidence, and a system comprising the optical filter thereof.

Please refer to Box No. IV of Written Opinion of The International Searching Authority (Form PCT/ISA/237) for detailed
explanation.
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